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Abstract 
The Mississippi River Delta (MRD) is socioeconomically important to the state of Louisiana and 
the United States. Various types of land-water system data have been collected in the MRD. 
However, very few efforts have been made to utilize these datasets in modeling regional 
stratigraphy and groundwater dynamics in the MRD, especially for the upper 50 m of the depth. 
In this interval of depth, the Mississippi River and surrounding interdistributary bays intensively 
interact with the groundwater system. The lack of knowledge in regional stratigraphy and 
groundwater dynamics hinder an understanding of how hydrogeological setting affects processes 
such as surface-groundwater interaction, subsidence, and sediment erosion. In this study, 
topobathymetric, geological/geotechnical, and hydrological data were used to construct multiple 
3-D stratigraphy models and a groundwater flow model in the MRD. Ordinary kriging, 
compositional kriging, and multiple indicator methods were found to be efficient in regionalizing 
different types of geological/geotechnical data. The stratigraphy models and groundwater model 
reveal a complex hydrogeologic setting in the MRD. Mississippi River channel cut through clayey 
delta plain deposits into buried sands between -10 m and -35 m. Sands deposited at depth and near 
the surface provide pathways for groundwater to interact with surface waters. Groundwater flow 
rate is 3-4 orders of magnitude smaller than the river discharge rate. The groundwater system 
actively interacts with surface water system in the Mississippi River and in the surrounding bays, 
especially during flood, storm, and hurricane events. Dramatic increase in pore water pressure and 
sharp groundwater recharge-to-discharge reversion are estimated to occur during hurricane and 
right after hurricanes respectively. High pore water pressure during and after hurricanes may 
destabilize sediments and compromise safety of coastal infrastructures such as the ring levees. 
Groundwater activities may contribute to vertical movement in the delta.
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Chapter 1. Introduction 
A symphony of fluvial, deltaic, and marine processes has been going on for thousands of years in 
the modern Mississippi River Delta (MRD). This piece of land provides scientists and engineers 
with plenty of fascinating phenomena, from land building/deteriorating, raging floods to violent 
storms and hurricanes. The groundwater system is so hidden beneath this dynamic stage of natural 
processes that people do not talk about it very often. This dissertation looks into the subsurface 
world of the river-deltaic system, the “tissue” (stratigraphy) and “blood stream” (groundwater) of 
the MRD.  
1.1. Motivation 
The Mississippi River Delta (MRD) is one of the largest delta systems in the world. The MRD 
supports a significant fraction of the nation’s shipping industry, a range of culturally diverse 
communities, and large areas of ecologically diverse wetlands (Coleman et al., 1998; CPRA, 2017). 
Unfortunately, the MRD is vulnerable to sea-level rise, subsidence, and coastal erosion, which 
combine to cause extremely high rates of land loss in the area (Allison et al., 2016; Blum and 
Roberts, 2009; Bourne, 2000). According to Couvillion et al. (2017), an area of 5200 +/- 440 km2 
has been lost from 1932 to 2016, which accounts for about 25 percent of the 1932 MRD land area. 
Many coastal protection and restoration projects have been executed to mitigate the land loss 
problem over the past few decades (Day et al., 2007; Kearney et al., 2011; Kim et al., 2009). A 
large number of protection and restoration projects are planned for implementation over the next 
50 years, for example sediment diversions, beach and dune restoration, and marsh creation (CPRA, 
2017). 
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The MRD was formed under influences of fluvial, deltaic, and coastal processes. A large 
number of studies have been conducted in the MRD, focusing on river water and sediment 
diversions (Allison et al., 2012; Allison et al., 2014; Meselhe et al., 2012; Meselhe et al., 2016; 
Wang et al., 2019; Yuill et al., 2016), river-deltaic groundwater (Cable et al., 1996; Kim, 2016; 
Kolker et al., 2013; O’Connor and Moffett, 2015; Thompson et al., 2007), and subsurface 
stratigraphy with implications to subsidence (Chamberlain et al., 2018; Frederick et al., 2019; 
Jankowski et al., 2017; Tornqvist et al., 2008). However, there is not much detailed information 
about regional stratigraphy and groundwater dynamics in the MRD, especially for the upper 50 m 
of the depth, where the Mississippi River and surrounding interdistributary bays intensively 
interact with the groundwater system. The roles that regional stratigraphy and groundwater flows 
play in the river-deltaic environment remain open questions. The lack of knowledge in regional 
stratigraphy and groundwater dynamics hinders an understanding of how hydrogeological setting 
affects surface-groundwater interaction, subsidence, sediment erosion, and coastal protection 
infrastructures.  
1.2. Research questions 
Major research questions in this dissertation include:  
 How to utilize subsurface investigation data to construct and visualize stratigraphy model 
in the river-deltaic environment?  
 How sand, silt, clay, and organic sediments are distributed in the upper 50 m of the MRD? 
 Where groundwater and surface water (river and bay waters) interact in the MRD?  
 What are the dynamics of groundwater in the MRD? 
 How groundwater head and groundwater flow respond to flood, storm, and hurricane 
events? 
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 What roles do stratigraphy and groundwater flow play in subsidence and sediment erosion?  
1.3. Approaches 
This study uses a hydrogeological modeling approach to investigate the aforementioned questions. 
Some emerging topobathymetric, geotechnical, and hydrological datasets were used in this study 
to construct stratigraphy and groundwater models. These datasets were prepared by various 
agencies, such as the U.S. Geological Survey (USGS), the U.S. Army Corps of Engineers 
(USACE), and the Coastal Protection and Restoration Authority of Louisiana (CPRA).  
Several different spatial interpolation methods were used to regionalize different types of 
subsurface investigation data, which include vibracores, geotechnical borings, and cone 
penetrometer test (CPT) soundings. Multiple 3-D stratigraphy models were constructed in the 
MRD region, varying in size, in depositional environment, and in vertical extension. The 
stratigraphy models reveal complex topobathymetric and stratigraphic features.  
A groundwater model was constructed in the MRD from the Head of Passes (river 
kilometer 0) to Jesuits Bend (river kilometer 108). This model was constructed using a stratigraphy 
model as the structure and the surface water stages as boundary conditions. The groundwater 
model was used to evaluate surface-groundwater interactions, spatiotemporal variations in 
groundwater flows and heads, and responses of groundwater system to flood, storm, and hurricane 
events.  
Finally, the stratigraphy models and the groundwater model were used to analyze how 
stratigraphic setting and groundwater flow (or pore water pressure) affect subsidence, sediment 
erosion, and safety of coastal infrastructures such as levee and river diversion infrastructures.   
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1.4. Organization 
There are six (6) chapters in this dissertation. Chapter 1 introduces motivations, approaches, and 
organization of the dissertation. Chapters 2 to 5 are organized in the formats of peer-reviewed 
journals, and independently formatted. Chapter 6 summarizes the dissertation work and draws 
conclusions for the entire dissertation. 
Chapter 2 explores how to utilize sediment composition data to construct a 3-D stratigraphy 
model in the river deltaic wetlands from 0.5 to − 4 m in elevation (NAVD 88). A compositional 
kriging method was adapted to regionalize sediment composition which includes three components: 
sand%, silt%, and clay%. Estimated stratigraphy model intuitively visualizes spatial distribution 
of stratigraphic features and their spatial relationship with topobathymetric features such as marsh 
surface and river channel. This chapter has been published on Geo-Marine Letters. Permission to 
reprint Chapter 2 has been attached in Appendix A.  
Chapter 3 uses co-located geotechnical borings and CPT soundings along with ordinary 
kriging to generate 3-D stratigraphy models in a backswamp environment. Four stratigraphy 
models were constructed, including one constructed using the USCS method, and the other three 
constructed using three Soil Behavior Type (SBT) correlations. The models are compared to 
analyze correlations and discrepancies between soil classification schemes. Chapter 3 has been 
published on Georisk: Assessment and Management of Risk for Engineered Systems and 
Geohazards. Permission to reprint Chapter 3 has been attached in Appendix B.  
Chapter 4 explores how to use sediment type data from geotechnical borings to construct 
a regional stratigraphy model for the topmost 50 m of the MRD. A multiple indicator interpolation 
method was used to regionalize sediment type data. The estimated stratigraphy model was used to 
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(1) understand regional hydrogeological architecture of the MRD, (2) identify potential pathways 
for groundwater to interact with river and bay waters, and (3) analyze how stratigraphic setting 
affects subsidence and sediment erosion. Chapter 4 has been submitted for peer review.  
Chapter 5 uses a stratigraphy model as the structure and river/tidal stages as the boundary 
conditions to construct a groundwater model in the MRD. The groundwater model was used to 
explore: (1) dynamics of groundwater flow, (2) groundwater-surface water interactions, (3) 
responses of groundwater to flood, storm, and hurricane events, and (4) roles that groundwater 
play in coastal sustainability. Chapter 5 has been submitted to Journal of Hydrology and is under 
moderate revision.  
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Chapter 2. Modeling Sediment Texture of River-Deltaic Wetlands in the 
Lower Barataria Bay and Lower Breton Sound, Louisiana, USA 
2.1. Introduction 
Louisiana’s coastal wetlands, accounting for 41% of coastal wetlands in the United State (Coleman 
et al., 1998), are vital to commercial and recreational fishing, providing habitats for wildlife and 
buffering storm surge for coastal communities and infrastructures. Unfortunately, more than a 
quarter of the wetlands in coastal Louisiana have been lost since 1930s (Couvillion et al., 2011; 
Couvillion et al., 2017). This is mainly caused by subsidence and sea-level rising (Blum and 
Roberts, 2009; Morton et al., 2005; Reed, 2002). The land-loss crisis compromises safety of coastal 
protection infrastructures and makes the region increasingly vulnerable to flooding. To mitigate 
these problems and promote sustainability in the coastal region, restoration projects such as 
sediment diversion and marsh creation have been planned (CPRA, 2012; CPRA, 2017).  
Studies have been conducted to investigate cyclic growth and degradation of delta system 
(Coleman and Gagliano, 1964; Frazier and Osanik, 1969; Roberts, 1997). Detailed investigations 
on development of a sub-delta lobe and crevasse splays have also been conducted (Bomer et al., 
2019; Esposito et al., 2017; Shen et al., 2015; Wang et al., 2019; White, 2017), to understand 
stratigraphic architecture and to evaluate receiving basins for sediment diversion projects, such as 
those originally proposed in the LBB (CPRA, 2013a) and the LBS (CPRA, 2013b). However, few 
three-dimensional (3-D) stratigraphy models have been developed for these strategic wetlands on 
a regional scale. This is mainly hindered by: (1) lack of an efficient method to spatially correlate 
                                                 
This chapter was previously published as Li, A., Tsai, F. T. C., Xu, K., Wang, J., White, C. M., Bentley, S. J., & Chen, 
Q. J. (2019). Modeling sediment texture of river-deltaic wetlands in the Lower Barataria Bay and Lower Breton Sound, 
Louisiana, USA. Geo-Marine Letters, 39(2), 161-173. https://doi.org/10.1007/s00367-019-00566-2. Reprinted by 
permission of Springer Nature. 
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large amount of data scattered in wetlands’ subsurface space; (2) differences in lithofacies 
interpretation methods adopted by different researchers and in different study areas; (3) difficulty 
in integrating and visualizing subsurface stratigraphic features with topobathymetric features. In 
this study, a 3-D sediment texture model was constructed in the LBB and the LBS on the 
Plaquemines sub-delta lobe. A composition kriging method was used to spatially interpolate 
sediment composition (sand%, silt% and clay%) data. The method is an extension to ordinary 
kriging by a log-ratio transformation, which enables the method to process compositional data 
(Walvoort and De Gruijter, 2001). Topobathymetric data (Love et al., 2010b) were integrated with 
subsurface estimation to visualize subsurface stratigraphic features and their spatial relationship 
with topobathymetric features, such as marsh surface, river channels and dredged channels. The 
model result was used to analyze wetlands’ growth and deterioration, roles of stratigraphic and 
topographic features in wetland deterioration, and differences between LBB and LBS as receiving 
basins for sediment diversion purposes. By adding hydraulic and mechanical properties, the model 
could also be used to develop groundwater flow and consolidation models.  
2.2. Physical setting 
MRDP, composed of six major delta lobes, is formed by dispersal of sediment –laden water caused 
by delta switching (Fisk et al., 1954). In a delta system, the delta plain is underlain by sandy 
distributary mouth bar, silty delta front deposits and clayey prodelta deposits (Fisk, 1961; Frazier 
and Osanik, 1969) (Figure 2.1). From an aerial view, delta plain consists of: active distributary 
channel, abandoned distributary channel, natural levee, marsh, crevasse splay, interdistributary 
bay and open water (Figure 2.1). In a cross-sectional view, delta plain sequence generally shows 
an upward coarsening pattern in which the fine-grained interdistributary bay deposits are 
frequently interbedded by tongues of coarse grain sediments introduced by distributary mouth bars 
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and crevasse splays (Coleman and Gagliano, 1964). Development of delta lobes (~1000 km2), sub-
deltas (~100 km2) and even smaller crevasse-splays follow a cyclic pattern which consists a 
fluvially-dominated regressive phase and a marine-dominated transgressive phase (Roberts, 1997).  
 
Figure 2.1. Conceptual stratigraphy architecture of a sub-delta (modified from Frazier, 1969). 
The study area, including LBB and LBS, is located on the Plaquemines lobe (Figure 2.2). 
The sub-delta lobe was formed in a large area of interdistributary bay, which is bounded by two 
relatively high topographies: the Lafourche delta to the west and the St. Bernard delta lobe to the 
north. These boundary conditions defined a narrow path through which the delta grew seaward to 
the Gulf of Mexico. The study area extends about 25 kilometers in the latitudinal direction and 10 
kilometers in the longitudinal direction, bounded by a convex polygon (Figure 2.2). Satellite 
imagery shows that the Mississippi River flows through the study area from northwest to southeast 
and divides the area into two parts: LBB to the southwest and LBS to the northeast (Figure 2.3). 
The LBB side mainly consists of vegetated and ponded wetlands (shown in greenish color in 
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Figure 2.3). The LBS side is consists of open water (shown in bluish color in Figure 2.3) at seaward 
side with interspersed wetlands at landward side. 
 
Figure 2.2. Map of the Mississippi River Delta Plain and the study area. The coordinate system is 
Geographic Coordinate System North America 1983. 
2.3. Materials and methods 
2.3.1. Past coring survey 
A coring survey was conducted in the LBB and LBS by Coastal Studies Institute of Louisiana 
State University (Johnson et al., 2015; Wang et al., 2019; White, 2017). Fifty vibracores, up to ~5-
m long, were collected from marsh and open-water locations. In LBB, 18 out of 25 vibracores 
were selected to conduct grain size analysis, including BA07, BA08, BA09, BA10, BA11, BA12, 
BA14, BA15, BA16, BA17, BA18, BA19, BA20, BA21, BA22, BA23, BA24, and BA25 (Figure 
2.3). Grain size analysis was conducted on a total number of 242 samples, extracted at 25 cm 
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intervals for 11 cores and at 50 cm for 7 cores. In LBS, 14 vibracores were collected to conduct 
grain size analysis including BR01, BR03, BR04, BR05, BR06, BR09, BR10, BR11, BR15, BR16, 
BR17, BR20, BR21, and BR24 (Figure 2.3). Grain size analysis was conducted at a total number 
of 296 samples, extracted at 20 cm intervals for all the 14 cores. For each sample, grain size 
distribution was measured using Laser Diffraction Particle Size Analyzer and grouped into sand%, 
silt% and clay%, using Krumbein phi (φ) scale (Krumbein and Aberdeen, 1937). 
 
Figure 2.3. Satellite image of the study area with Lower Barataria Bay and Lower Breton Sound 
on west and east side of the Mississippi River respectively (base map source: Esri). Red dots are 
boring locations. White stripe in the middle is the Mississippi River. Greenish areas are coastal 
marshes. Bluish are open water. 
2.3.2. Sediment texture 
A sediment textural classification method (known as soil texture triangle) (Soil Survey Division 
Staff, 1993), was used to convert sediment composition fractions into sediment types. The 
classification system divides sediments into twelve major types: clay, sandy-clay, silty-clay, 
sandy-clay-loam, clay-loam, silty-clay-loam, sand, loamy-sand, sandy-loam, loam, silt-loam and 
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silt. Plot of data on the classification triangle shows that the majority of the samples falls into 
categories of silty-clay, silty-clay-loam and silt-loam (Figure 2.4). 
 
Figure 2.4. Plot of sediment composition data on a soil texture triangle (Soil Survey Division 
Staff, 1993) of the sediment core samples in the Lower Barataria Bay and Lower Breton Sound. 
There are 32 sediment cores and the total number of samples is 538. 
2.3.3. Discretization and data pre-processing 
A 3-D grid system was constructed for the study area. Horizontally, the study area was discretized 
into 100 m by 100 m cells or 16,683 cells layer-wise. Vertically, the grid extends from elevation 
of 0.5 meters to -4 meters, and was discretized into 1 cm intervals or 451 layers in total. The grid 
system has 7,524,033 cells in total. As spatial interpolation was conducted in a layer-by-layer 
fashion, sediment composition fractions of each core were firstly linearly interpolated into 1-cm 
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intervals in vertical direction. Secondly, all sample depths were geodetically leveled to North 
America Vertical Datum of 1988 (NAVD 88).  
2.3.4. Compositional data and log-ratio transformation 
Compositional data can be treated as spatial random functions in a vector form as follows 
(Walvoort and De Gruijter, 2001): 
1 2( ) ( ), ( ),..., ( )
T
i i i p iz z z   z x x x x ,  (1) 
where z(xi) is a vector of random functions, xi is a spatial point, and z1(xi), z2(xi),…, zp(xi ) 
are p composition components at the spatial point. T is the transpose operator. Each composition 
components zk is strictly positive  
0       for 1,2,...,kz k p  . (2) 
Sum of composition components at a spatial point is a constant c.  
 
1
p
k i
k
z c

 x   (3) 
In this study, the composition components are fractions of sand, silt and clay. Sum of sand, 
silt and clay fractions is 1.   
It has been understood that compositional data carry only relative information. No absolute 
information can be found from compositional data. No individual component can be isolated from 
each other. To deal with such data characteristics, several transformation methods have been 
developed such as the basis method (Olea et al., 1993; Pawlowsky et al., 1995), additive log-ratio 
transform (Pawlowsky et al., 1995; Pawlowsky et al., 1994), centered log-ratio transform (van den 
Boogaart and Tolosana-Delgado, 2008) and isometric log-ratio transform. Some case studies 
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showed that log-ratio-transform performs better than the basis method (Walvoort and De Gruijter, 
2001). This study adopts the isometric log ratio-transform on the sand, silt, and clay fractions.  
Consider that 1  , 2 , and 3  are sand, silt, and clay fractions. The isometric log-ratio (ilr) 
transform is performed as follows (Tolosana-Delgado, 2008): 
 
2
2 1
1 2
3 2 3
1 1
ilr( ) ln ln
2 6
Z Z
 
  
 
   
 
ξ  (4) 
where Z1 and Z2 are isometric log-ratio transformed variables. After this step, Z1 and Z2 are 
interpolated throughout the study area using ordinary kriging.  
2.3.5. Compositional kriging 
Spatial interpolation of the sediment composition is performed layer by layer using the 
compositional kriging method, which is the application of ordinary kriging on log-ratio 
transformed variables. Ordinary kriging has been seen as the best unbiased linear estimator, an 
interpolation method, to estimate a spatial variable at an unmeasured location with the minimum 
estimation error variance (Olea, 2012). The linear estimator is a weighted sum of data points:  
0
1
( ) ( )
k
i i
i
Z Z

x x ,  (5) 
where Z(x0) the estimate at location x0, Z(xi) is the data at location xi, λi is the kriging 
weight, and k is the number of data. The unbiased estimation requires 
1
k
i
i


 =1. Under the 
consideration of the second-order stationarity for the random function Z, the semivariogram 
defined below is a function of distance between two locations: 
 
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where i jx x  is the distance between xi and xj and E is the expectation operator. The 
semivariogram asymptotically approach a sill, which is the global variance.   
Using the isometric log-ratio transformed data set, an experimental semivariogram is 
calculated and a model is used to fit the semivariogram (Figure 2.5). Three parameters, nugget, 
sill and range, determine the shape of the model. The nugget is the point of intersection of the 
curve with the y axis. The sill is the value when the curve reaches a constant level. The range refer 
to the distance at which the curve approaches the sill. Model for Z1 has a nugget of 0, a sill of 0.52 
and a range of 3800 meters (Figure 2.5a). Model for Z2 data has a nugget of 0, a sill of 0.4 and a 
range of 3200 meters (Figure 2.5b). 
 
Figure 2.5. Experimental semivariogram models: (a) semivariogram of the Z1, and (b) 
semivariogram of the Z2. Blue dots are experimental semivariance values. Red lines are fitted 
semivariogram models. 
  By minimizing the estimation error at location x0, the kriging weights can be obtained by 
the following system of linear equations (Olea, 1999):   
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where   is the Lagrangian multiplier to ensure the unbiasedness estimation. 
2.3.6. Back transformation 
Once Z1 and Z2 for all cells of each layer are calculated, the following back transformation 
(Tolosana-Delgado, 2008) is used to back calculate the isometric log-ratio transformed estimates:  
 1ilr ( ) exp( )V C
 ξ x VZ ,  (8) 
where  C  is normalization operator (also known as “closure”) which is  
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2.3.7. 3-D visualization 
After layer-by-layer calculation, all cells in the grid were populated with sets of estimated sand% 
silt% and clay%. A 3-D data set was compiled by collecting results from all layers. To visualize 
sediment types instead of fractions of three composition components, estimations of sediment 
composition was converted into sediment types through a sediment textural classification method 
(Soil Survey Division Staff, 1993). The 3-D result was visualized in the GMS program (Aquaveo 
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LLC, 2017) and the ParaView program (Ayachit, 2015). To incorporate topographic features, a 
procedure to identify the “air cells” was performed by comparing cell elevation to the surface 
elevation and topobathymetry data (Love et al., 2010b). All “air cells” were visualized as voids in 
the model to show topobathymetry of marsh, river channel, dredging channel and drainage. 
2.4. Results 
A 3-D sediment texture model was accomplished for the study area (Figure 2.6a). Topographic 
and stratigraphic features are shown in a map (Figure 2.6b) and three sets of cross sections that 
extracted along three directions (Figures 2.7, 2.8, and 2.9). Ten sediment types showed up in the 
model and they were assigned with different colors: sand (red), loamy-sand (orange), sandy-loam 
(pink), loam (yellow), silt-loam (lime), sandy-clay-loam (green), silty-clay-loam (sky-blue), clay-
loam (gray), silty-clay (purple), and clay (black).  
2.4.1. Topographic features 
As the river bathymetry is greater than the bottom of the model, the model is “split up” by the river 
into two separate parts. Void area in in Figure 2.6b shown as a white sinuous shape represents the 
Mississippi River channel. LBB lies to the southwest side of the river, and LBS lies on the 
northeast side of the river. In aerial view, most of the study area is in gray color which represents 
clay-loam. They generally overlap with the area of marshes when compare Figure 2.6b with Figure 
2.3. Yellowish color represents loam sediments, most of which distributed in the open water area 
in the LBS side (Figure 2.6a and 2.6b). There are also loam sediment shown as linear and polygonal 
features.  The yellow stripes to the left and right of the river are overlapped with dredging channels 
and drainage channels on the marsh. Those polygonal features mostly overlap with ponds and lakes. 
Silt-loam and silty-clay-loam, shown in lime and sky-blue colors respectively, scattered along the 
river and on marsh at both side of the river. 
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Figure 2.6. Model results in three-dimensional view and at the surface: (a) three-dimensional 
view of the model result (vertically exaggerated, 800 times) and (b) model result at the surface. 
Vertical datum: NAVD88. Red lines are the locations of cross sections.  
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Figure 2.7. Cross sections of the model result along river channel (NW-SE). Locations of the 
cross sections are from Figure 2.6a. Cross sections are 800 times vertically exaggerated. Vertical 
datum is NAVD88. LBB is Lower Barataria Bay and LBS is Lower Breton Sound.  
2.4.2. Stratigraphic features 
Three set of cross sections were extracted from the model (Figures 2.6a and 2.6b). They were 
extracted along three directions: (1) parallel with the river channel (NW-SE) (Figure 2.7), (2) 
perpendicular to the river channel (SW-NE) (Figure 2.8), and (3) along west-to-east direction 
(Figure 2.9). The white “gaps” in these cross sections are Mississippi River channel. To show 
details of subsurface features, all the cross sections were vertically exaggerated 800 times. In 
general, the model is dominated by silt-loam, loam, silty-clay-loam and clay-loam, whereas, sand, 
loamy-sand, and sandy-loam are inter-fingered within. Some of the sandy sediments are shown in 
lenticular shape on cross sections (e.g., DD’ in Figure 2.7 and LL’ in Figure 2.9). Some of them 
are shown in column shape on cross sections (e.g., BB’ in Figure 2.7 and MM’ in Figure 2.9). The 
silty-clay and clay deposits scattered in the cross sections normally coexist with silty-clay-loam. 
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These fine sediments show good horizontal continuity, which is related to low energy depositional 
environment. Two horizons of this kind are shown in the result, at about -1 meter and -4 meter in 
elevation (cross sections DD’, FF’, JJ’, and MM’). Some cross sections include both sides of the 
river (such as JJ’ through MM’ in Figure 2.9), which make it possible to compare the feature 
difference between two study areas from the model. It seems stratigraphy of LBB shows less 
variation in sediment texture than that of the LBS; and sandy sediments seems more vertically 
continuous in the LBB side. 
 
 
Figure 2.8. Cross section perpendicular to river channel (SW-NE). Locations of the cross 
sections are in Figure 2.6a. Cross sections are 800 times vertically exaggerated. Vertical datum is 
NAVD88. 
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Figure 2.9. Cross sections of the model result facing north (S-N). Locations of the cross sections 
see Figure 2.6b. Cross sections are 800 times vertically exaggerated. Vertical datum is NAVD88. 
2.5. Discussion 
The method used in this study provide an efficient way to correlate large amount of spatial 
scattered sediment composition data and construct 3-D model on a regional scale. By incorporating 
topobathymetric data with estimating result of subsurface sediment texture, the result is intuitive 
to observe spatial distribution of various stratigraphic and topographic features. The sediment 
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texture model is able to visualize spatial variation in sediment types, and avoid confusion brought 
by interpretation of lithofacies by different researchers in different study areas. Cross sections can 
be extracted at arbitrary directions (Figure 2.7, 2.8, and 2.9). Sediment texture groups can be 
isolated and be visualized independently (Figure 2.10). By adding hydraulic and mechanical 
properties, the model result can also be used as a frame work for modeling of groundwater and 
consolidation in the coastal wetlands. 
2.5.1. Sediment texture of regressive and transgressive phases 
Growth of a sub-delta is mainly driven by crevasse splays, periodic overbank flooding, and 
tributary extension (Bomer et al., 2019; Esposito et al., 2017; Gagliano et al., 1981; Shen et al., 
2015). The Plaquemines sub-delta, where the study area is located, is not an exception. Silty 
sediments make up the largest portion of the model, which is consistent with synthesized grain 
size analysis from previous study (Wang et al., 2019; White, 2017; Xu et al., 2016a). Figure 2.10 
(a) shows a silty sediment package bounded by clayey sediments at top and bottom. The silty 
sediment package is likely deposited from crevasse, overbank-flooding, or tributary-extension 
processes. The top clayey sediments were formed in the marsh and interdistributary bay 
environment, while the bottom clayey substrate was formed as prodelta deposits (Figure 2.6a and 
Figure 2.10b). The stratigraphic architecture observed in the model is in good agreement with 
stratigraphic studies of relic crevasse splays on the MRDP (Esposito et al., 2017; Shen et al., 2015). 
In the cross sections, lenticular shape features can be observed. Some of them show vertical 
continuity and appeared as sandy column, like those in BB’ (Figure 2.7) and MM’ (Figure 2.9). 
They are interpreted to be deposited in crevasse channel close to levee breach. While others are 
not as vertical continuous but horizontally stretched as interlayers (e.g. cross section DD’ in Figure 
2.7 and cross section LL’ in Figure 2.9), which are likely deposited in distal crevasse splay or 
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during overbank flooding. Within the silty package, there are also some clayey deposits, like those 
silty-clay deposits in Figure 2.10b. They may be formed between splay channels and within 
abandoned channels.  
 
Figure 2.10. Spatial distributions of (a) silty sediments, and (b) clayey sediments. 
After regressive phase, the sub-delta enters into transgressive phase. Small water bodies, 
formed at the area where accretion cannot keep pace with subsidence, enlarges and eventually 
become open bays as a result of continuing subsidence and wind-driven waves (Barras, 2009; Day 
et al., 2007; Day et al., 2000). Fine grained sediments and organic materials accumulate in these 
water bodies, which can be observed at the clay-dominated portion at the top of the model (Figure 
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2.6a, Figure 2.10b). In the transgressive phase, coastal wetlands are increasingly subject to 
reworking processes such as tides, waves, winds, hurricanes, storms and cold fronts (Baumann et 
al., 1984; Cahoon et al., 1995; Georgiou et al., 2005; Smith et al., 2015). All these processes help 
to re-suspend, laterally spread, and redeposit sediments. A horizontally expanded loam layer, 
sandwiched between clayey deposits near the top of the model, may be related to the reworking 
processes (Figure 2.10a). Young and unconsolidated clayey and peaty sediments need a lower 
critical shear stress to be re-suspended and transported offshore (Bomer et al., 2019; Xu et al., 
2016a). Cross sections show that, in the seaward side of LBS, the surficial clay blanket is 
discontinuous at the surface, suggesting it has been eroded to expose underlying silty substrate 
(Figure 2.6a and Figure 2.9). In Figure 2.10b, a hole was observed in the seaward side of LBB, 
which may be also caused by continuous resuspension of clayey sediments. Dredging-related 
features can also be seen at the top of the model (Figure 2.6a and 2.6b), which cut through clayey 
blanket and make possible for the tidal flux, wave erosion and saltwater intrusion to affect 
subsurface strata (Day et al., 2000; Turner, 1997). 
2.5.2. Implications for coastal protection and restoration projects 
To mitigate the land loss, sediment diversion projects have been proposed across the MRDP 
(CPRA, 2012; CPRA, 2017), including the LBB and LBS basins in this study. Subsurface 
stratigraphy plays an important role in determining suitability of receiving basins in terms of 
consolidation, sediment retention, and sediment erosion potential (Allison et al., 2017; Sha et al., 
2018; Yuill et al., 2016). Both LBB and LBS are mainly constructed by overlapping crevasse splay 
and overbank flooding deposits, which are rich in silty and sandy sediments. These sediments have 
a relatively high critical shear stress and retention capability, which make the two basins suitable 
for receiving and retaining diverted riverine sediments. However, layers of young, clayey, and 
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peaty blanket spreading on top of both LBB and LBS are prone to resuspension by high-discharge 
diverted water (Xu et al., 2016a; Yuill et al., 2016) and compaction by diverted silty and sandy 
sediments. The sediment texture model in this study shows that two receiving basins have similar 
subsurface stratigraphic setting. However, differences do exist, especially in the upper 1 m layer. 
The topmost part of the model is a clay loam layer (Figure 2.6), which covers the most part of the 
study area and underlain by a layer of loam (Figure 2.6a). However, in the seaward side of the 
LBS, a large area of the clay loam appears to be eroded away and the underlain loam is exposed 
at the surface (Figure 2.6). This difference can also be seen along the cross sections extracted 
across the river channel (Figure 2.9), and in the Figure 2.10b. The satellite image of the study area 
(Figure 2.3) shows that marshes in the LBS side are near large open water and are broken into 
discrete patches, while the counterpart marshes in the LBB side are in a more enclosed 
environment and are more intact. The difference in the integrity of the near surface fine grained 
blanket might be resulted from the difference in the intensity of reworking processes, such as 
hurricane and storm related sediment erosion (Leonardi et al., 2018; Xu et al., 2016b). Thus, 
measures to reduce sediment erosion should be considered when designing and implementing 
sediment diversion projects in the area that are susceptible to reworking processes. Such methods 
include, for example, fragmentation of large receiving basins (Xu et al., 2016a), construction of  
the Sediment Retention Enhancement Devices (e.g. oblong islands Allison et al., 2017), and marsh 
terracing and marsh vegetation planting in the intertidal area (Baldwin et al., 2019; Rozas and 
Minello, 2001). The aforementioned methods can be used to reduce water velocity, limit wave 
fetches, enhance sediment trapping, and thus diminish the effect of the reworking processes. 
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2.5.3. Limitations 
The sediment texture model constructed in this study can be used to show the spatial distribution 
of different sediment types, along with topobathymetric features. However, there are limitations 
that need to be noticed. Firstly, for a thorough understanding of evolution of the river-deltaic 
wetlands, using grain-size data alone is not enough. Organic matters are generally abundant in the 
wetlands. Radiometric dating on basal peat is important for constraining initiation and termination 
times (Bomer et al., 2019; Shen et al., 2015; Törnqvist et al., 1998). Other data, such as bulk 
density, core images, and sub-bottom seismic survey profile are also important for understanding 
evolution of wetlands in a thorough way. Several synthesized studies have been conducted in the 
LBB (White, 2017), the LBS (Wang et al., 2019) and the nearby Mid-Barataria Bay (Bomer et al., 
2019) independently. Secondly, as the core spacing is coarse (mostly greater than 1 km) and there 
is no data directly from the Mississippi River levee, it is challenging for the model to fully present 
all the details such as the abundant sandy crevasse splay distributary deposits that are common in 
the active crevasses (e.g. the Cubit’s Gap) and geological examples (e.g. Esposito et al., 2017). 
Some other features such as pre-deposition topography and post-depositional differential 
compaction by loadings from levee and crevasse splay (Chamberlain et al., 2018; Esposito et al., 
2017; Törnqvist and Meffert, 2008) are not shown clearly in this study. To capture and characterize 
details of these features, much denser distribution of sediment cores is required (i.e. spacing of 
cores within tens of meters). 
2.6. Conclusions 
The main conclusions from this study can be summarized as follow. 
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(1) Compositional kriging, which extends ordinary kriging by a log-ratio transformation, is 
efficient in regionalizing spatial scattered sediment composition data collected from river-deltaic 
wetlands’ subsurface.  
(2) By integrating estimation result of subsurface sediment texture with topobathymetric data, 3-
D soil texture intuitively visualized spatial distribution of various stratigraphic and 
topobathymetric features.  
(3) The sediment texture model shows that, crevasse splay and overbank flooding-associated silty 
deposits package makes up the most portion of the modeling space in LBB and LBS, and is 
sandwiched between underlying pro-delta deposits and overlying transgressive deposits.  
(4) Measures should be considered during design and implementation of sediment diversion 
projects to reduce effects from coastal reworking processes and enhance sediment trapping and 
retention, such as fragmentation of large receiving basins, construction of the SREDs, marsh 
terracing and planting marsh vegetation.  
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Chapter 3. Modelling and Comparing 3-D Soil Stratigraphy Using Subsurface 
Borings and Cone Penetrometer Tests in Coastal Louisiana, USA 
3.1. Introduction 
Geotechnical subsurface investigations are important to characterize geological features in coastal 
regions (e.g., deltaic, marine, fluvial systems) and provide information to design and construct 
hard and natural infrastructure, e.g., levees, floodwalls, surge barriers, navigational canals, 
sediment diversions, beach and dune restoration, shoreline protection, and marsh creation. The 
objective of subsurface investigations is to define soil profiles and estimate corresponding 
geotechnical properties, from physical index tests to geomechanical properties evaluated through 
laboratory and in-situ tests. Leveraging and integrating this data into a comprehensive geologic 
and geotechnical framework is difficult because of the different data types, e.g., soil classification, 
soil behavior, and cone penetrometer soil behavior types. For example, laboratory tests on grain 
size and Atterberg limits (plastic and liquid limits) can reveal soil texture, structure, and 
mineralogy, which are used to classify soils according to the Unified Soil Classification System, 
USCS (ASTM, 2017). The CPTu (piezocone penetration test) continuously measures cone tip 
resistance, sleeve resistance, and pore-water pressure. These parameters are correlated to in-situ 
soil properties, e.g., unit weight, undrained shear strength, drained friction angle, preconsolidation 
stress, permeability, and compressibility, along with classifying soils according to the measured 
soil behavior type (SBT) (e.g., Saye et al., 2017; Schneider et al., 2008; Robertson et al., 1986; 
Robertson, 1990). For more specific soils, the CPT-based SBT classification and texture-based 
                                                 
This chapter was previously published as Li, A., Jafari, N. H., & Tsai, F. T. C. (2019). Modelling and comparing 3-D 
soil stratigraphy using subsurface borings and cone penetrometer tests in coastal Louisiana, USA. Georisk: 
Assessment and Management of Risk for Engineered Systems and Geohazards, 1-19. 
https://doi.org/10.1080/17499518.2019.1637528. Reprinted by permission of Taylor & Francis. 
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classification can show strong correlation, e.g., young and uncemented silica-based soils of limited 
stress and strain (Robertson, 2016). However, discrepancies can exist between the CPT-based SBT 
classification system and the USCS because in-situ soil behavior depends on many factors, such 
as depositional, physical, and chemical processes, that manifest more readily through laboratory 
index, compressibility, and strength testing. As a result, not all information gained from subsurface 
investigations are utilized, which can lead to extremely conservative assumptions during design. 
In addition, multiple subsurface investigations can be conducted in the same general vicinity of a 
project, but they are rarely integrated to better understand the soil profile and engineering 
properties because the data processing is time consuming to visualize, interpret, and correlate 
results from other consultants, agencies, and contractors.  
Geostatistics is a technique that can resolve the aforementioned barriers by regionalizing 
spatial variables using spatial correlation between estimating locations and samples (i.e., 
semivariograms). Geostatistics can characterize subsurface features and stratigraphy in mining 
(Journel and Huijbregts, 1978), agricultural (Trangmar et al., 1986), groundwater (Kitanidis and 
Vomvoris, 1983; Pham and Tsai, 2017), and geotechnical engineering (Li et al., 2016). The 
geotechnical applications involve characterizing hydraulic parameters (Miller and Kannengieser, 
1996), contaminants (Benson and Rashad, 1996), and seismic hazards (Carr, 1996). Generating a 
2-D geologic profile from borings and CPTu soundings involves engineering judgment to correlate 
stratigraphy between nearby boring and CPTu sites, e.g., identification of soil types using the 
USCS and various CPTu SBT interpretations. Extending the 2-D cross section to a 3-D soil 
stratigraphy to show subsurface features in a regional perspective, especially when a 
comprehensive subsurface investigation is performed and sufficient data exists, requires 
implementation of geostatistics. However, unfamiliarity with the strengths and weaknesses of 
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geostatistics and practical guidance on implementation leads to limited use in the geotechnical 
engineering industry (Hammah and Curran, 2006). Moreover, the variable nature of the subsurface 
geology in coastal Louisiana precludes industry practitioners from connecting borings and CPTs 
to create continuous soil profiles.  
In this paper, a case study of three-dimensional (3-D) soil stratigraphy models constructed 
using the ordinary kriging method and geotechnical boring data and in-situ piezocone 
penetrometer tests (CPTu) is presented to demonstrate the application of geostatistics in coastal 
restoration and protection projects. The case study presented herein is located at the Inner Harbor 
Navigational Canal (IHNC), New Orleans, Louisiana, which is on the industrial canal overlooking 
the Lower Ninth Ward (Jafari and Stark, 2017). This site is selected because 24 soil borings and 
CPTu are collocated, thereby providing an opportunity to compare SBT correlations with the 
USCS derived for soil borings. The three SBT correlation charts (Robertson, 2009; Robertson et 
al., 1986; Saye et al., 2017) were chosen because they represent the state-of-practice (Robertson, 
2009; Robertson et al., 1986) and an alternative classification scheme (Saye et al., 2017). The 3-D 
soil stratigraphy models provide intuitive visualization of subsurface features along with 
verification of the SBT charts.  
3.2. Study site 
The IHNC is located west of the Lower Ninth Ward in St. Bernard Parish, Louisiana (Figure 3.1a) 
and was constructed in 1923 to connect Mississippi River and Lake Pontchartrain. This paper is 
focused on a section of the east bank near the south end of the canal where two I-wall floodwall 
failures occurred during Hurricane Katrina in 2005. Geologically, the area is located on the St. 
Bernard lobe of the Mississippi River delta system. The geological map in Figure 3.1b shows the 
depositional facies of the area, which include point bar, natural levee, inland swamp, and marsh. 
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Soils of natural levees and point bars are normally dominated by sands and silts, while inland 
swamps and marshes are dominated by organic and fine-grained sediments. In addition, the 
elevation of natural levees and point bars is higher than marshes and swamps. The IHNC was 
formed in a low-lying interdistributary bay environment between two major distributaries, i.e., 
Bayou Gentilly to the north and Mississippi River to the south (Dunbar and Britsch, 2008). 
Accordingly, the sediments at the IHNC are dominantly fine-grained and organic-rich.  
 
Figure 3.1. (a) Satellite image of New Orleans, Louisiana, USA with study site denoted by the 
yellow line (map source: Google Earth); (b) geological map of the vicinity of the study area 
(modified from Dunbar and Britsch, 2008). 
In June 2011, a geotechnical subsurface investigation was conducted on the east bank of 
IHNC between the Florida Avenue Bridge at the north and the Claiborne Avenue Bridge at the 
south (Figure 3.2). The purpose of the investigation was to better define soil stratigraphy and soil 
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engineering properties, such as hydraulic conductivity, compressibility and shear strength (Jafari 
and Stark, 2017; Stark and Jafari, 2015).  
 
Figure 3.2. Satellite image of the study site with locations of 24 borings and CPTu soundings 
(map source: Google Earth). 
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The subsurface investigation includes 24 mud rotary borings with a diameter of 127 mm 
(5 in) and accompanied CPTu soundings (Figure 3.2). They are distributed on floodside and 
landside of the I-wall floodwall. Soil samples were extracted from borings in 1.3 m intervals to the 
completion depths by the hydraulic pushing of a 125-mm diameter, 1.3-m long thin walled tube 
(ASTM, 2015). Laboratory testing was performed on the thin walled tube samples to acquire soil 
physical index properties, compressibility, shear strength, and hydraulic conductivity. The boring 
data reported herein includes natural water content (w), liquid limit (LL), plasticity index (PI), and 
organic matter content (OMC) along with the corresponding USCS (Fugro, 2012). Details on the 
compressibility and hydraulic conductivity testing from the IHNC investigation are available in 
Jafari and Stark (2017). The reported sleeve resistance ( sf ), cone tip resistance (qc), and pore-
water pressure (u2) from the CPTu soundings (Fugro, 2012) were used to populate the SBT 
correlation charts for Robertson et al. (1986), Robertson (1990), and Saye et al. (2017). 
Five stratigraphic units between ground surface and an elevation of -17 m were identified 
through previous subsurface investigations (Dunbar and Britsch, 2008; Stark and Jafari, 2015). In 
Figure 3.3, the stratigraphic units follow from the surface to depth: (1) levee embankment and fill, 
which is compacted organic clay dredged during IHNC construction; (2) high plasticity clay with 
organics, which is classified as water content less than 100% and is indicative of a swamp deposit 
with fine-grained sediments; (3) organic clay, which has a water content greater than 100% and is 
indicative of a marsh deposit with higher organic content; (4) interdistributary clay, which is a 
uniform fine-grained clay layer indicative of a deltaic environment; and (5) a layer of introdelta 
silts and sands. Based on Holtz et al. (2011), organic soils are present when the ratio of oven-dried 
liquid limit to not oven-dried liquid limit is less than 0.75. This information was not available from 
the boring logs, i.e., only in-situ liquid limit was reported. The high plasticity clay with organics 
33 
 
and organic clays were deposited in swamp and marsh environments, respectively. These clay 
layers do not classify as fibrous peat using ASTM D2974-14 (ASTM, 2014) and D4427-13 (ASTM, 
2013) because the organic content is less than 75% and a large percentage of gray fine-grained 
material is present as a result of the frequent flooding and deposition of clay material. Thus, the 
natural water content greater than 100% was used to delineate high plasticity soils from the organic 
clays. This range of natural water content was compared to measured organic matter content values 
to ensure that organics were present. 
 
Figure 3.3. Generalized IHNC I-wall cross section (modified from Dunbar and Britsch, 2008; 
Jafari and Stark, 2017). 
3.3. Soil classification methods 
3.3.1. Unified soil classification system (USCS) 
The USCS classifies soils into coarse-grained and fine-grained soils. Soils encountered in this 
study are formed in fluvial and deltaic environments and hence are predominantly fine-grained. 
Group symbols for fine-grained soils include low plasticity clay (CL), low plasticity silt (ML), and 
low plasticity organics (OL); high plasticity clay (CH), high plasticity silt (MH), and high plasticity 
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organics (OH); dual classified low plasticity clay and silt (CL-ML); and peat (Pt). Detailed 
flowcharts of determining different types of soils are documented in ASTM D2487-17 (ASTM, 
2017). The plasticity chart (Figure 3.4a) was used to determine between the various types of fine-
grained soils.  
 
Figure 3.4. (a) Plasticity chart (ASTM, 2017); (b) Soil behavior type classification chart 
(Robertson, 1986) 
3.3.2. CPTu soil behavior type (SBT) 
The SBT charts proposed by previous researches to link CPTu measurements to soil stratigraphy 
include Douglas and Olsen (1981), Tumay (1985), Robertson et al. (1986), Robertson (1990), 
Schneider et al. (2008), and Saye et al. (2017). In this study, Robertson et al. (1986) and Robertson 
(2009) are chosen because of the precedence in the geotechnical industry, along with a recent 
method proposed by Saye et al. (2017).  
Robertson et al. (1986) 
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Robertson et al. (1986) proposed a SBT classification chart using friction ratio (
fR ) and 
corrected cone resistance ( tq ) to determine soil behavior types:  
 100%
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f
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q
 
 , 
(
1) 
 2(1 )t cq q a u    , 
(
2) 
where sf  is the sleeve friction, qc is the cone penetration resistance, a is the net area ratio 
(0.8), and 2u is the pore-water pressure measured between the cone tip and the friction sleeve. The 
qt-Rf chart is divided into 12 zones to represent soil types from sands to sensitive clays (Figure 
3.4b). 
Robertson (1990, 2009) 
To account for unequal end area effects (Baligh et al., 1981; Campanella et al., 1981), Robertson 
(1990) proposed a soil behavior type classification chart in which the normalized friction ratio (Fr) 
and the normalized cone resistance (Qt) are plotted to determine soil behavior type:  
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4) 
where vo is the total overburden stress and vo   is the in-situ effective vertical stress. 
Robertson (2009) subsequently updated this method by plotting tnQ , a normalized cone parameters, 
on the ordinate and rF  on the abscissa. tnQ  is calculated as follow. 
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5) 
where ap is the atmospheric pressure (101.3 kPa), n is the variable stress exponent, 
( ) /t vo aq p is the dimensionless net cone resistance, and ( / )
n
a vop   is the stress normalization 
factor. The variable stress exponent n and the soil behavior type index cI  (Robertson and Wride, 
1998) are determined in Eqs. (6) and (7).  
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7) 
The tnQ - rF  chart is also simplified from Robertson (1986), i.e., reducing the number of 
zones from 12 to 9 (Figure 3.5a). 
Saye et al. (2017) 
To improve identification of over consolidated soil, Saye et al. (2017) proposed a soil 
behavior type classification chart based on Schneider et al. (2008) and Schneider et al. (2012). 
This chart plots overburden stress-normalized net corrected tip stress ( tQ ) (Eq. 4) against 
overburden stress-normalized sleeve friction ( /s vof  ). A slope, Q , is proposed in this method to 
determine the USCS soil classification (Figure 3.5b): 
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8) 
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In the tQ -  /s vof  chart, six zones of soil behavior type are proposed based on the value 
of 
Q  (Figure 3.5b). These zones use the typical USCS soil classification nomenclature (ASTM 
2017). According to the chart, fine-grained soils include zone [4] and zone [5], the value of 
Q  
corresponds to a range from 15 to 31, and fines content (FC) value is about 50%. Coarse-grained 
soils include zone [1], [2] and [3], and the value of 
Q  is greater than 31, and FC value is less 
than 50%. Organic soils are represented by zone [6], where the value of 
Q  is less than 15. 
 
Figure 3.5.  (a) Soil behavior type classification model using Fr and Qtn (Robertson, 2009), (b) 
Soil behavior type classification chart using ΔQ index (Saye et al., 2017), and (c) Soil behavior 
type classification chart using ΔQ index (this study). 
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3.4. Geostatistics methodology 
3.4.1. Discretization 
As the borings and CPTs extend to different depths, the boring and SBT models were constructed 
with different vertical extensions. The boring model extends from an elevation of -0.6 m (-2 ft) to 
-9.8 m (-32 ft), while the SBT models extend from an elevation of 0.3 m (1 ft) to -17.1 m (-56 ft). 
Vertically, both boring and SBT models were discretized into 3 cm intervals, which result in 301 
layers for the boring model and 571 layers for the SBT model. Horizontally, the model domain 
covers a plan area of 104 m by 1194 m (Figure 3.2), which was discretized into 2 m by 2 m cells 
and thus results in 31,054 cells for each layer. In summary, the boring and SBT models contain 
9,347,254 cells and 17,731,834 cells, respectively. 
3.4.2. Spatial correlation 
In geostatistics, the variogram is used to describe the average continuity of the regionalized 
variable (a random function) as the distance between two locations of the regionalized variable 
increases (Matheron, 1963). The semivariogram is a half of the variogram and under the 
consideration of the second-order stationarity is defined as:  
    
21 1
( ) ( ) ( ) ( ) ( )
2 2
h Var Z Z E Z Z     
 
x x + h x x + h  , 
(
9) 
where ( )h  is the semivariogram, h  h  is the lag distance, the distance between the 
regionalized variable ( )Z x at location x  and the regionalized variable ( )Z x h  at location x h . 
Var is the variance operator and E  is the expectation operator. Semivariogram typically increases 
as distance increases, which indicates less correlation between ( )Z x  and ( )Z x +h . An estimate 
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of the semivariogram is called an experimental semivariogram, which is calculated through the 
estimator (Olea, 2012): 
  
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10) 
where ( )n h  is the number of pairs of observed values at distance h apart. In this study, an 
exponential model (Eq. 11) is used to fit experimental semivariograms: 
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11) 
where N is the nugget, L is the range, C  is a coefficient, and S=N+C is the sill. The shape 
of a semivariogram model is determined by the sill, range, and nugget. The sill is the maximum 
semivariogram that represents the unconditional variance of the second-order stationary random 
field. For the exponential model, the sill is the asymptotic value when the curve reaches its 
maximum. The range refers to the distance at which the semivariogram reaches 95% sill. The range 
is also known as “range of influence” and “range of correlation”, i.e., within the distance L  to 
sampled locations, regionalized variable at estimating location is correlated with samples. Beyond 
the range, regionalized variable at estimating locations has minimum to zero correlation with 
samples. Nugget is the vertical height of the discontinuity at the origin of a semivariogram model. 
Nugget is the result of multiple measurements, measurement error, and short-scale variation (occur 
less than the smallest sample spacing) (Cressie, 1988).  
In this study, experimental semivariograms were calculated for three (3) boring-related 
variables w%, LL%, and PI% (shown in the first column of Figure 3.6); and six (6) CPT-related 
variables, qt, Rf, Qtn, Fr, s vof /σ  , and Qt (shown in the second and third columns of Figure 3.6), 
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where their data size is 352, 289, 293, 12554, 12542, 12535, 12513, 12545, and 12532, respectively. 
The horizontal axis is the lag distance in meters; the vertical axis is the semivariogram. The dots 
are experimental semivariograms; and the curves are the fitting results from the exponential 
semivariogram models. The model parameters (sill, nugget, and range) are shown in the figure. 
Each experimental semivariogram was calculated using Eq. (9). All of the variables, except Rf, 
have ranges greater than 500. Sills of qt, Rf, and Fr are small (below 10). Sills of w%, LL%, PI%, 
Qtn, and s vof / s  are between 90 and 620. Qt  has a very high sill, which indicates high variance. 
Large nuggets are observed, which are resulted from insufficient number of sampled locations that 
are close to each other for short lag distance.  
 
Figure 3.6.  Experimental semivariograms (filled circles) and exponential semivariogram models 
(curves) in horizontal direction for w%, LL%, PI%, qt, Rf, Qtn, Fr, /s vof  , and Qt. N is the 
nugget, L is the range, and S is the sill. 
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3.4.3. A Layer stacking approach 
A layer stacking approach (Elshall et al., 2013; Pham and Tsai, 2017) is adopted in this study to 
construct a detailed subsurface stratigraphy model. This approach performs interpolation on a large 
number of horizontal layers at different elevations, and later stacks all layers together to achieve a 
3-D model. Considerations for using this approach include: (1) spatial correlation length of 
variables in the vertical direction (mostly less than 3 m) is much shorter than that of horizontal 
direction (mostly greater than 500 m), due to the specialty of coastal depositional environment 
where soil properties change rapidly in the vertical direction; (2) the vertical correlation length is 
much shorter than the vertical range of borings (around 9 m ), CPTs (around 17 m) and the model 
domain (up to 17 m); (3) the horizontal correlation length is nearly a half of the horizontal extent 
of borings, CPTs and the model domain (104 m by 1194 m); and (4) the layer stacking approach 
is more computational efficient than the 3-D kriging. As the vertical spatial correlation is discarded, 
kriging is performed independently in a series of horizontal planes. This may cause model results 
to have larger variation along vertical direction. However, this approach should be more accurate 
to resemble the depositional process for the inland swamp environment, which is developed from 
a layer-by-layer accumulation of fine-grained and organic-rich sediments. 
3.4.4. Data pre-processing 
A pre-processing procedure of linear interpolation was performed on boring and CPTu data. Due 
to the expensiveness of lab test on soil samples, reported values of water content and Atterberg 
limits occur at least 30 cm and sometimes with varying intervals. This makes kriging difficult at 
certain horizontal layers due to the scarcity of data. To overcome this, boring data was linearly 
interpolated into a 3 cm interval in the vertical direction. Since soil samples are sparse, any 
interpolation methods may have difficulty to estimate water content and Atterberg limits between 
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samples. Linear interpolation is a simple and conservative method for this purpose. CPTu measures 
data more continuous in the vertical direction, with an interval of 2.5 cm. Linear interpolation was 
also performed on CPTu data to decrease the vertical spacing of the original data to 3 cm for the 
layer-wise regionalization. Using an interval of 3 cm maintains the CPTu data trend and continuity. 
During the site investigation, the boring and CPTu data were recorded in depth and not in 
elevation. Thus, datum leveling was performed on the interpolated data to adjust the data from 
depth to elevation. The elevation was calculated by subtracting depth from surface elevation 
reported in the borings and CPTu soundings, resulting in all data adjusted to elevation relative to 
the NAVD 88 datum.  
3.4.5. Ordinary kriging 
Nine (9) variables were regionalized by the method of ordinary kriging: w, LL, PI, 
fR , cq , rF , tnQ ,
/s vof  , and tQ . Ordinary kriging is a geostatistical method used to interpolate the aforementioned 
continuous spatial variables. Each spatial variable is represented by a stochastic process ( )Z x , 
where x are spatial locations and ( )Z x  is a regionalized random variable.  
The ordinary kriging estimator 0
ˆ ( )Z x  (Eq. 12) is a linear interpolation estimator that uses 
samples to estimate a spatial variable at unknown location 0x  as follows 
 0
1
ˆ ( ) ( )
k
i i
i
Z Z

x x  , 
(
12) 
where i  is the kriging weight, ( )iZ x is the variable value at sampled location xi, and k is 
the number of samples. By minimizing the error variance and satisfying the unbiased estimation 
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constraint 
1
1
k
i
i


 , a linear system of equations for obtaining the kriging weights can be derived, 
where ( , )i j x x  is the semivariogram for the lag distance i jx x  and   is the Lagrange 
multiplier.   
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15) 
3.4.6. Calculating USCS and SBT classifications 
After estimating w, LL, and PI throughout the model domain, the results are used to classify each 
element per the USCS. The six (6) soil types found at the IHNC include CL, CL-ML, ML, CH, 
MH, and OH. The determination of OH is different from the standard ASTM procedure (ASTM 
2017), as the calculation does not consider the ratio of LL oven-dried to natural, color, and smell 
of soil samples. The criteria for OH were w ≥ 100% (Stark and Jafari, 2015) and organic content 
less than 75%. For the SBT models, soil type zones were calculated by plotting the various 
parameters on the SBT charts: 
fR and cq  for Robertson et al. (1986); rF  and tnQ  on Robertson 
(2009); and /s vof   and tQ  for Saye et al. (2017).  
3.5. Results 
Four (4) 3-D soil stratigraphy models are constructed using the USCS boring data, and CPT 
measurements.  
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3.5.1. Model 1: USCS from boring logs 
Figure 3.7 shows an oblique view of the soil classification model constructed using the USCS soil 
types. The model extends from elevation -0.6 m (-2 ft) to -9.8 m (-32 ft), and mainly consists of 
four (4) fine-grained soil types: inorganic high plasticity clay (CH, blue); inorganic low plasticity 
clay (CL; green); inorganic high plasticity silts (MH; yellow); and organic clays (OH; red). The 
model result generally shows a blue-red-blue layering, which corresponds to a CH-OH-CH 
layering. Several cross sections were extracted from the model (Figure 3.8). The surface layer is 
predominantly CH soil type. In cross section A-A’, the top layer consists of CH extending from 
the surface to about -4 m. The organic clay (OH) layer is bounded by inorganic CH layers from -
4 m to -6 m, with thinning of OH along the cross section at sections of 580-630 m and 900-1100 
m. The lower high plasticity clay (CH) layer extends from -6 m to the end of the boring. CL and 
MH are scattered in local areas in the cross section. From cross sections B-B’ to D-D’, OH layer 
shows a thinning trend from a thickness of approximately 2 m to a thickness 0.4 m. In cross section 
D-D’, an approximate 2 m thick layer of MH is present above the OH layer. 
 
Figure 3.7. USCS soil classification model. White lines (A-A’ through D-D’) are cross section 
trace lines. Vertically, the model extends from -0.6 m to -9.8 m, and is exaggerated by a factor of 
6.6. 
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Figure 3.8. Cross sections of the USCS soil classification model. AA’ is vertically exaggerated 
by a factor of 21.5. BB’, CC’, and DD’ are vertically exaggerated by a factor of 6.6. 
3.5.2. Model 2: SBT chart from Robertson et al. (1986) 
Figure 3.9 shows an oblique view of the SBT model constructed using the Robertson et al. (1986) 
chart. The model extends from elevation 0.3 m (1 ft) to -17.1 m (-56 ft). Of the 12 available soil 
types, 9 fine-grained soil types appear in the model: sensitive fine-grained (grey); organic soil 
(yellow); clay (maroon); silty clay to clay (green); clayey silt to silty clay (navy); sandy silt to 
clayey silt (sky blue); silty sand to sandy silt (purple); sandy to silty sand (orange); and sand 
(purple). 
The surface is composed of a thin layer of clayey silt to silty clays and silty clay to clay, 
which is different from the Model 1 (clay only). The surface does consist of fill material so the 
CPT is likely to provide a better representation of the surface characteristics. Beyond the thin 
surface fill layer, the model generally shows a clay-organic-clay (maroon-yellow-maroon) layering 
pattern (Figure 3.9). The bottom of the model shows a mixture of clayey, silty and sandy materials. 
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Several cross sections are extracted from the model (Figure 3.10) to clearly depict the soil 
stratigraphy. Beyond the surficial silty clay layer, a clay layer extends from the surface to an 
elevation of -2.5 m followed by a layer of organic soil, which encompasses an elevation from 
approximately -2.5 m to -6 m. Beneath the organic soil layer is another layer of clay identified as 
the normally consolidated interdistributary clay, which extends approximately from -6 m to -14 m. 
Localized areas of silty clay scattered above an elevation of -10 m at CPTs 2, 5, and 8. The bottom 
potion of the model is an interbedded layer of silty clay, clayey silt, sandy silt and silty sands, 
extending from approximately -14 m to -17 m.  
 
Figure 3.9. Robertson et al. (1986) SBT classification model of the IHNC site. White lines (AA’ 
through DD’) are cross section trace lines. Vertically, the model extends from 0.3 m to -17.1 m, 
and is exaggerated by a factor of 6.6. 
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Figure 3.10. Cross sections of the Robertson et al. (1986) SBT classification model. AA’ is 
vertically exaggerated by a factor of 21.5. BB’, CC’, and DD’ are vertically exaggerated by a 
factor of 6.6.  
3.5.3. Model 3: SBT chart from Robertson (1990, 2009) 
Figure 3.11 shows an oblique view of the SBT model constructed using Robertson (1990, 2009). 
The model extends from elevation 0.3 m (1 ft) to -17.1 m (-56 ft). Of the nine 9 soil groups, 8 
groups appear in the model: sensitive fine-grained (gray), organic soils (yellow); clay (marron); 
silt-mixtures (sky blue); sand-mixtures (navy); sand (light brown); very stiff sand to clayey sand 
(purple); and very stiff fine-grained (neon green). The surface soil varies significantly more than 
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the Model 1 and Model 2.  For example, the first 2 m of the profile suggests intermixed very stiff 
fine-grained, very stiff sand to clayey sand and sand- mixtures. Underlying this layer, the SBT 
from Robertson (2009) suggests a sequence of clay and organics with elevation, starting with 
approximately 2 m thick clay layer and followed by 2 m of interbedded organic and clay, 3.5 m of 
clay, and 5 m of organics. At an elevation of -14 m, the SBT chart predicts layered sand-mixtures, 
silt-mixture, clay and slightly organics. More detailed subsurface features are evident in Figure 
3.12. In particular, layers of very stiff fine-grained material with scattered silt-mixtures and sand-
mixtures extend from the surface to an elevation of -2 m. From -2 m to -9 m, the Robertson (2009) 
SBT suggests the soils are mostly clay. However, an interbedded organic and clay soils exist 
between approximately -2.5 m to -6m. From -9 m to -13.5 m, another organic layer is present, 
which is contrast from the SBT chart in Robertson et al. (1986) and USCS. Below an elevation of 
-14 m, the soils are a mixture of sand-mixtures, silt-mixtures, clays with slightly organics. At cross-
section D-D’, organics are present again at an elevation of approximately -17 m, which is not likely 
and an artifact of the CPT soil behavior type.  
 
Figure 3.11. Robertson (2009) SBT classification model. White lines (AA’ through DD’) are 
cross section trace lines. Vertically, the model extends from 0.3 m to -17.1 m, and is exaggerated 
by a factor of 6.6. 
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Figure 3.12. Cross sections of the Robertson (2009) SBT classification model. AA’ is vertically 
exaggerated by a factor of 21.5. BB’, CC’, and DD’ are vertically exaggerated by a factor of 6.6. 
3.5.4. Model 4: SBT chart from Saye et al. (2017) 
Figure 3.13 shows an oblique view of the SBT model constructed using the Saye et al. (2017) SBT 
chart. The model extends from elevation 0.3 m (1 ft) to -17.1 m (-56 ft). Of the 6 proposed groups, 
5 appear in the model: zone 2 SP-SM, SP-SC (purple); zone 3 SM, SC, GM, GC (navy); zone 4 
ML, CL (green); zone 5 MH, CH (yellow); and zone 6 OL, OH, Pt (red). Zone 1 is characterized 
by well-graded sands and poorly-graded sands with less than 5% fine grains (SP, SW), but it is not 
observed in the model. The surface layer consists of Zone 3 and 4, which is a mixture of coarse 
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and fine-grained materials. Several cross sections are extracted from the model (Figure 3.14) to 
better understand the stratigraphy. The first 0.5 m is represented by layers of Zones 3 and 4, i.e., 
silty and clay sands and is followed by low plasticity silts and clays to an elevation of -2 m. The 
underlying layers consist of alternating organic soils (red) and high plasticity clay (yellow), 
extending from -2 m to -6 m. A low plasticity clay and silt layer is evident from -6 m to -7 m, 
followed by a 7 m thick high plasticity clay layer. The bottom of the model, from -14 m to -17 m, 
consists of silty and clay sands and low plasticity silts and sands. Cross sections B-B’, C-C’, and 
D-D’ show similar features with those in A-A’, except for some discontinuities of the organic soils 
along the horizontal direction. Cross section AA’ and BB’ has a thin layer of organic soils around 
-12 m in elevation. The Model 4 does not exhibit organic soils to the same degree of the Model 1 
and Model 2 results. The normally consolidated interdistributary clay is accurately depicted, along 
with the layered silty and sandy soils below an elevation of -14 m. 
 
Figure 3.13. Saye et al. (2017) SBT classification model with soil behavior type classification 
chart in Figure 3.5c. White lines (AA’ through DD’) are cross section trace lines. Vertically, the 
model extends from 0.3 m to -17.1 m, and is exaggerated by a factor of 6.6.  
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Figure 3.14. Cross sections of the Saye et al. (2017) SBT soil classification model with soil 
behavior type classification chart in Figure 3.5c. AA’ is vertically exaggerated by a factor of 
21.5. BB’, CC’, and DD’ are vertically exaggerated by a factor of 6.6. 
3.6. Soil classification comparison 
The ordinary kriging method processed soil index properties and CPTu soundings to generate 3-
D soil stratigraphy models. The four stratigraphy models generally agree with previous site 
investigations, except for classifying organic soils (Stark and Jafari 2015; Jafari and Stark 2017; 
Dunbar and Britsch 2008). However, differences are evident between the modeling results and the 
site investigation. In Figure 3.15, the boring log and CPTu sounding at Location 8 (see Figure 3.2) 
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are provided to facilitate the discussion between the SBT charts and USCS. The fluctuating tip 
resistance qt from elevation 0 to -1.6 m signifies the interbedded mix of shells, lean clay, and 
organic fill from when the IHNC was dredged. Below the fill material, the average tip resistance 
of 0.25 MPa indicates soft clays and organics to an elevation of -6 m. The peak in qt at an elevation 
of -7 m corresponds to the lean clay with silty sands and the transition zone to the interdistributary 
clay. The linear increase in qt and high pore-water generation from -7 m to -14 m indicates that the 
interdistributary clay is normally consolidated. The soil is characterized as sands by the SBT charts 
below an elevation of -14 m.    
Jafari and Stark (2015) report the layer from an elevation of -1 m to -3 m as the high 
plasticity clay with organics because it was characterized by a high water content (w = 42%–112%), 
high PI of 46, and contained organic inclusions (e.g., roots, bark, wood, vegetation). In comparison, 
the USCS model simply labels this layer as high plasticity clay (CH) based on the plasticity chart 
(Figure 3.4a). This is adequate because the high plasticity clay with organics was visually 
characterized as high plasticity clay with organic inclusions. The OH layer from -4 to -6 m in the 
USCS model is equivalent to the organic clay layer in Figure 3.3(w = 116% – 451%; and PI = 81). 
The CH layer from -6 m to -9.8 m is equivalent to the interdistributary clay layer (Figure 3.3), and 
the USCS model did not extend to the intradelta silts and sands (Dunbar and Britsch 2008).  In 
comparison to Figure 3.3, the SBT models capture the organic soils between -3 m to -6 m in the 
cross sections (Figure 3.10, Figure 3.12, and Figure 3.14). The SBT models penetrate to the silty 
sandy soils indicated by the intradelta silts and sands.  
The USCS model generally shows a sequence of CH to OH to CH layering, with some CL 
and MH scattered under the organic layer and near the top (Figure 3.7 and Figure 3.8). This pattern 
is also delineated in Boring 8 from elevation of -2 m to -10 m (Figure 3.15). To a degree, the SBT 
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models show a similar pattern of clay-organic-silt-clay layering from -0.6 m to -9.8 m (Figure 3.10, 
Figure 3.12, and Figure 3.14). Moreover, all the SBT models show a layer of organic-clay mixture 
from about -3 m to -6 m and bounded between two clay layers. Comparing the USCS model with 
the Robertson et al. (1986) model (cross section A-A’ in Figure 3.8 and Figure 3.10), the same 
clay-organic-clay pattern demonstrates the strong correlation between CH (inorganic high 
plasticity clay) to SBT zone 3 (clay) and between OH (organic high plasticity clays) to SBT zone 
2 (organic material).  
 
Figure 3.15. Comparison of CPTu and USCS at Location 8 (see Figure 3.1). CPT measurements 
include Qt, fs, u2, and Rf. The SBT charts are divided into SBT-1 (Robertson et al., 1986), SBT-
2 (Robertson 2009), SBT-3a (Saye et al., 2017; ΔQ=15), and SBT-3b (Saye et al. 2017, 
ΔQ=13.5). 
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In Robertson (1990, 2009) (Figure 3.11 and Figure 3.12), an organic soil layer is shown 
between -9 m and -13.5 m that is not present in the other SBT models and deeper borings in the 
general vicinity. In particular, the linear increase in tq   towards lower elevation and significant 
shear-induced pore-water pressure from u2 in Figure 3.15 suggests that this layer is a normally 
consolidated clay, which follows the geologic interpretations of Dunbar and Britsch (2008). This 
discrepancy is likely attributed to significantly higher 2u  pore-water generation increasing tq  and 
normalization using vo  and vo  . In particular, Figure 3.17a and b show the organic clay layer 
(elevation of -4 m to -6 m) and interdistributary clay (elevation of -10 m to -13 m) for all 24 CPTu 
soundings. The organic clay data points are spread between the clay and organic zones for 
Robertson et al. (1986) and Robertson (1990) SBT charts. In contrast, the interdistributary clay is 
found in the clay zone in Robertson et al. (1986) and in the organic soil for Robertson (1990). 
Using the elevation of -12 m in Figure 3.16 as an example, the tq , sf , vo , and vo   are equal to 
415 kPa, 15.5 kPa, 180 kPa, and 62.5 kPa, respectively. Thus, tQ , fR , and Fr are estimated as 3.9, 
3.7%, and 6.6%, respectively. For both Robertson SBT charts, tq  and tQ  plot within the same 
region in log-scale, i.e., 0.415 MPa and 3.9, respectively. However, the normalization of fs shifts 
the location of the data point to 6.6% on the abscissa in Robertson (1990), compared to 
fR = 3.7% 
in Robertson et al. (1986) which plots in the clay zone. Moreover, using the non-normalized 
fR  
for the abscissa in Robertson (1990) shifts the interdistributary clay points (see red dots in Figure 
3.17b) to the left into the clay zone. Another observation in Figure 3.17a and b is the extension of 
fR  and Fr to at least 20%. This demonstrates that organic soils exhibit higher friction ratios and 
not accounting for these points can bias the soil stratigraphy because they may not be reported. 
Robertson and Cabal (2015) suggested that the SBT chart can be modified based on local 
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experience to generate better agreement with local geology. Figure 3.17 indicates that the 
Robertson et al. (1986) SBT chart captures the behavior of organic soils, but the 
fR  range needs 
to be increased to 20%.  
 
Figure 3.16. Cross sections of the Saye et al. (2017) SBT soil classification model with soil 
behavior type classification chart in Figure 3.5b. AA’ is vertically exaggerated by a factor of 
21.5. BB’, CC’, and DD’ are vertically exaggerated by a factor of 6.6. 
Saye et al. (2017) use the 
Q  slope to delineate soil types. In this study, two Q  values 
were used to distinguish MH, CH (zone 5 in Figure 3.5b) and OL, OH, Pt (zone 6 in Figure 3.5b). 
Figure 3.14 shows the results when using 13.5Q   to distinguish organic soils from high 
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plasticity clay. Figure 3.16 shows the results when adjusting 
Q  from 13.5 to 15, which is 
proposed in Saye et al. (2017). Figure 3.14 appears closer to the generalized cross section in Figure 
3.3 because the 15Q   scenario produces an organic (OL-OH-Pt) layer (red) from -9 m to -13.5 
m (Figure 3.16), which is a layer of lean clay (yellow). Saye et al. (2017) suggested 
Q  ≤ 15 for 
highly organic soils and this case study provides further guidance on zone 6 by illustrating that ΔQ 
= 13.5 is in better agreement with boring logs at the IHNC (Figure 3.17c).   
 
Figure 3.17. Comparison plots of organic layer (-4 m to -6 m) and interdistributary clay layer (-
10 m to -13 m) of Robertson et al. (1986), Robertson (2009), and Saye et al. (2017). 
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3.7. Summary and conclusions 
This study shows that the geostatistical ordinary kriging method is capable of regionalizing soil 
index properties (w, LL, and PI) and CPT measurements ( tnQ - rF , cq - fR , tQ - /s vof  ) to estimate 
spatial distribution of soils and generate three-dimensional soil stratigraphy models. The results 
are intuitive for observing subsurface stratigraphy and comparisons between different models. The 
SBT models are constructed using CPTu soundings and the Robertson et al. (1986), Robertson 
(2009), and Saye et al. (2017) charts. The results show spatial distribution of various soil behavior 
types, especially organic rich soils and normally consolidated interdistributary clay.  
The Robertson et al. (1986) SBT chart resulted in a stratigraphy profile which was in 
agreement with the boring logs, especially for CH to SBT zone 3 (clay) and OH to SBT zone 2 
(organic soils). The remaining two SBT models (Robertson 2009; Saye et al. 2017) capture only 
organic layer interbedded between clay layers at an elevation of -3 m to -6 m. However, both SBT 
charts show an additional organic soil layer between -9 m and -13.5 m, which is not present in the 
USCS and Robertson et al. (1986) SBT models. This discrepancy is likely attributed to the high u2 
pore-water generation increasing tq  in addition to increasing vo  at lower elevation that 
normalizes tQ  and rF . As the soils are quite unique in the coastal Louisiana, slight adjustment on 
SBT chart may lead to a more reasonable SBT interpretation, such as adjusting 
Q  value of Saye 
et al. (2017) from 15 to 13.5 to have a better distinguish organic soils from clay. Therefore, SBT 
correlation charts may not be universally applicable as the geological setting of the investigation 
sites varies from location and region. In general, Robertson et al. (1986) was found to better 
represent organic soils pervasive in coastal Louisiana compared to Robertson (2009) and Saye et 
al. (2017). To generate better SBT stratigraphy, USCS stratigraphy can be used as a guidance to 
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adjust SBT chart to generate better SBT stratigraphy, where geostatistical methods can be used to 
facilitate this task.  
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Chapter 4. Characterizing Stratigraphy of Mississippi River Delta and 
Implications to Subsidence and Erosion 
4.1. Introduction 
The Mississippi River Deltaic Plain (MRDP) is one of the largest delta plains in the world and is 
ecologically, economically, and socially imperative to Louisiana and the United States. The 
present day MRDP is composed of multiple delta lobes formed in the past ~8,000 years (Roberts, 
1997), including the Sale-Cypremort, Atchafalaya, Teche, LaFourche, Plaquemines-Balize, and 
St. Bernard lobes (Figure 4.1). The entire Holocene delta plain is approximately 30,000 km2. 
Within the delta plain, the Plaquemines-Balize delta complex was formed in the past ~1,000 years. 
 
Figure 4.1. Map of the Mississippi River Delta Plain region, the study area (Mississippi River 
Delta) shown in the yellow polygon, and approximate locations of the Plaquemines subdelta 
(light yellow fan shape), the Balize subdelta (light brown polygon fan shape), and additional 
neighboring Holocene delta lobes (annotated on the map) based on (Fisk, 1944) and (Saucier, 
1994) (base map source: Esri). 
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The MRDP region is home to more than 1 million people (U.S. Census Bureau, 2011) and 
provides valuable ecosystem services (Costanza et al., 2014). The Mississippi River meandering 
through the delta plain is the “highway” of the shipping industry, through which about 46% of U.S. 
agricultural products are exported to the world market (Taylor, 2017). However, the MRDP is 
vulnerable to sea-level rise, subsidence, and coastal erosion, which combine to cause extremely 
high rates of land loss in the area (Blum and Roberts, 2009; Bourne, 2000). According to 
Couvillion et al. (2017), an area of 5200 +/- 440 km2 has been lost from 1932 to 2016, which 
accounts for about 25 percent of the 1932 MRDP land area.  
Many coastal protection and restoration projects have been executed to mitigate the land 
loss problem over the past few decades (Day et al., 2007; Kearney et al., 2011; Kim et al., 2009). 
A large number of new large projects are planned for implementation over the next 50 years 
(CPRA, 2017). Many of these planned projects include sediment diversions, beach and dune 
restoration, and marsh creation. To understand the physical processes that would affect protection 
and restoration projects, such as regional hydrodynamics, sediment transport, and subsidence, a 
large number of studies have been conducted that focus on surficial river and delta processes 
(Allison et al., 2012; Allison et al., 2014; Meselhe et al., 2012; Meselhe et al., 2016; Wang et al., 
2014; Yuill et al., 2016) as well as subsurface fluvial and deltaic stratigraphy and subsidence 
(Chamberlain et al., 2018; Frederick et al., 2019; Jankowski et al., 2017; Törnqvist and Meffert, 
2008). Stratigraphy models used in previous studies in the MRDP were either very generalized 
(Kooi, 2000; Kooi and De Vries, 1998; Pizzuto and Schwendt, 1997) or stochastically simulated 
(Meckel et al., 2006). Detailed stratigraphic information about the delta plain at the regional scale 
is lacking, especially for the upper 50 m of sediments, where Mississippi River and surrounding 
interdistributary bays intensively interact with the groundwater system. Moreover, the upper 50 m 
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of the delta plain is prone to erosional or depositional processes by the Mississippi River, tides, 
and human modifications.  
Understanding the detailed complexity of river-deltaic stratigraphy becomes possible due 
to the emerging of topobathymetric and geotechnical datasets. These datasets were prepared by 
various agencies, such as the U.S. Geological Survey (USGS), the U.S. Army Corps of Engineers 
(USACE), and the Coastal Protection and Restoration Authority of Louisiana (CPRA), in recent 
years in support of engineering and implementing of the coastal protection and restoration 
infrastructures (CPRA, 2012; CPRA, 2017). Extensive subsurface sampling was conducted to 
characterize geological and geotechnical properties of the coastal subsurface sediments, which are 
important to hydraulic structures (e.g., levees, floodwalls, canals, and locks) designed to convey 
or impede surface water.  
This study aims to investigate spatial variation of sediment types and draw implications to 
river-bay-groundwater interaction, subsidence, and sediment erosion in the Mississippi River 
Delta (MRD). The study area shown in Figure 4.1 is approximately 1,800 km2 and extends from 3 
m to -46 m in elevation. The surface morphology was characterized by a high-resolution 
topobathymetric dataset (Love et al., 2010a; Love et al., 2010b). We took advantage of the growing 
number of geotechnical boring datasets for the Mississippi River Delta (MRD) and employed a 
multiple indicator natural neighbor (MINN) interpolation method to regionalize sediment types 
and construct a 3D stratigraphy model. The sediment types were determined by the Unified Soil 
Classification System (ASTM, 2017). The stratigraphy model is expected to promote an 
understanding of the river-delta plain system as well as to provide applied information that may 
help optimize engineering projects for coastal protection and restoration.  
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4.2. Regional setting 
4.2.1. Mississippi River Delta 
The MRD has been under the influence of fluvial (e.g., sediment erosion and aggradation), deltaic 
(e.g., crevasse-splay development, channel avulsions), and marine (e.g., waves, tides, storms, and 
hurricanes) processes (Georgiou et al., 2005; Miner et al., 2009; Smith et al., 2015; Wamsley et 
al., 2009) in the past ~1,000 years (Roberts, 1997). These processes together shape the surface 
morphology and subsurface stratigraphy of the MRD. Large amounts of sediment export out of 
the mouth of the terminal river passes into the Gulf of Mexico and are reworked by ocean currents 
and waves back onto coastal shorelines. These sediments locally prograde the delta front and 
slowly build large delta lobes between avulsion events in the main river and distributary channels. 
The development of a delta lobe is characterized by a cyclic sedimentation process, or a ‘delta 
cycle’, which mainly consist of a fluvially-dominated regressive phase and a marine-dominated 
transgressive phase (Coleman and Gagliano, 1964; Roberts, 1997). All abovementioned factors 
work together to result in a complex geomorphologic and subsurface settings, which impact 
vulnerability of the delta plain to sea level rise and subsidence (Coleman, 1988; Day and Giosan, 
2008; Jankowski et al., 2017).  
4.2.2. Stratigraphic architecture of the MRD 
Understanding of the stratigraphic architecture of the MRD is primarily based on previous 
investigations of sediment boring datasets (Fisk, 1944; Frederick et al., 2019; Kulp, 2000; Saucier, 
1994). There are two depositional settings involved in the study area: a digitate delta setting which 
is close to coast (Figure 4.2a) and a meandering river setting which is close to inland (Figure 4.2b). 
In the digitate delta setting, surface expression includes river channel, natural levees, marshes, 
interdistributary bays, and crevasse splays. In the flood plain setting, a surface expression includes 
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a river channel, natural levees, backswamps, and crevasse splays. According to facies successions 
of the digitate delta (Figure 4.2c) and the meandering river (Figure 4.2d), both delta plain and flood 
plain are rich in silty, clayey and organic sediments. Below the delta plain, bar-finger sands are 
deposited on both sides of the river channel and surrounded by clayey delta front deposits (Figure 
4.2c). Below the flood plain, point bar sands are mainly buried on one side of the river channel 
and underlain by fine-grained previous deposits (Figure 4.2d).  
 
Figure 4.2. (a) A conceptual model of the digitate Mississippi River Delta near the coast 
(modified after Fisk (1961)); (b) facies succession of the digitate delta (modified after Olariu and 
Bhattacharya, 2006); (c) a conceptual model of a meandering river close to inland (modified 
after Saucier, 1994); and (d) facies succession of the meandering river (modified after Yu et al., 
2018 ). The conceptual models in (a) and (b) are not to scale. 
Different components of the delta are composed by different primary sediment types due 
to selective grain-size sorting processes during formation. An interdistributary bay consists of 
organic-rich silty clay; distributary mouth bar consists of fine to medium grained sands; crevasse 
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splay consists of silty clay to medium sands; and channel fill consists of uniformly fine grained 
sediments (Elliott, 1974; Frazier and Osanik, 1969). Generally, a delta plain has an upward-
coarsening stratigraphy, which is caused by induction of sandy and silty sediments into clayey 
deposits by distributary and overbank flow (Coleman and Gagliano, 1964). The stratigraphy is 
composed of indicative sediment grain-size distributions, which influence local geotechnical 
properties (Hooke, 1999; Moore et al., 1993; Odeha et al., 1994; Yuill et al., 2013), such as 
erodibility and hydraulic conductivity. By constructing a detailed stratigraphy model, we will be 
able to reveal MRD’s geomorphic features and discuss hydrogeological implications. 
4.2.3. Study area 
The study area is located in the Mississippi River Delta (MRD), mainly on the Plaquemines-Balize 
delta lobe (Figure 4.1), known as the “bird’s foot” delta. The elongated delta lobe was formed 
between the LaFourche lobe and the St. Bernard lobe and is bounded by Barataria Bay to the west 
and Breton Sound to the east. This delta lobe has been active since ca. 1,000 years BP, with the 
Plaquemines subdelta formed ca. 1000-500 years BP in the north and the Balize subdelta formed 
ca. 500 years BP to present in the south (Fisk, 1944; Saucier, 1994). The study area extends from 
Jesuit Bend, Louisiana to the Head of Passes at the terminus of the main trunk of the lowermost 
Mississippi River along NW-SE direction and covers an area about 1,800 km2. The maximum 
length of the area is about 100 km, and the maximum width is about 20 km.  
The satellite image in Figure 4.3a shows prominent geomorphic features in the study area. 
The northern delta is scattered with impounding lakes, interconnected tidal inlets, and dredging 
canals. The southern delta shows broken marshland along the trunk channel, passes, and natural 
levees. The trunk channel splits into three primary distributary channels at the Head of Passes 
(Southwest Pass, Pass A Loutre, and South Pass). Topographic elevation ranges from 4 m to -10 
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m with respect to the North American Vertical Datum of 1988 (NAVD 88) (Figure 4.3b). It is 
noted that all elevations in this study unless stated otherwise are with respect to NAVD 88. The 
Mississippi River trunk channel is generally deeper than 15 m. River levees along the trunk channel 
are the most elevated feature in the area.  The delta is relatively flat throughout most of the domain 
except for some steep subaqueous slopes (> 10 m relief) in the southeast. Mississippi River bed 
elevation varies significantly, deeper than -40 m in the north and becoming shallow about -15 m 
near the Head of Passes (Figure 4.3c). The mean Mississippi River bed elevation is approximately 
-30 m. Large areas of land loss occurred in the west and in the south of the study area during the 
1930s to the 1990s (Figure 4.3d). More recent (1990s to 2010s) land loss occurred in the south and 
in the northeast of the study area (Couvillion et al., 2017).  
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Figure 4.3. (a) Aerial image showing land coverage features (e.g., river channels, marshes, 
interdistributary bays, etc.) (map source: Esri). (b) Topographic contour map (in meters, NAVD 
88) of the coastal land (map source: Love et al. (2010a and b)). The Mississippi River trunk 
channel is blanked out in the map. (c) River bathymetric map (in meters, NAVD 88) of the 
Mississippi River (map source: Love et al., 2010a and b). (d) Land loss map (Couvillion et al., 
2017). The polygon is the model domain. Rounded dots are boring locations. Arrows locate river 
bathymetry greater than 30 m. 
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4.3. Methods 
4.3.1. Geotechnical boring data  
Geotechnical borings provide ground truth stratigraphic information at boring sites. A typical 
geotechnical boring is about 100 to 150 mm in diameter and extends to tens of meters in depth. In 
this method, sediment columns are excavated in the field and brought to laboratory to measure 
grain-size distribution and test Atterberg limits (i.e., plastic and liquid limits). The Atterberg limits 
are influenced by sediment texture, structure, and mineralogy, and are used to classify fine-grained 
sediments under the Unified Soil Classification System (USCS) (ASTM, 2017). The USCS 
classifies sediments into three major divisions: coarse-grained sediments, fine-grained sediments, 
and highly-organic sediments. These sediment divisions are further subdivided into 15 basic 
sediment types, which are represented by two letter symbols. The coarse-grained sediments 
include GW (well-graded gravel), GP (poorly-graded gravel), GM (silty gravel), GC (clayey 
gravel), SW (well-graded sand), SP (poorly-graded sand), SM (silty sand), and SC (clayey sand). 
The fine-grained sediments include ML (low plasticity silt), MH (high plasticity silt), CL (low 
plasticity clay), CH (high plasticity clay), OL (low plasticity organics), and OH (high plasticity 
organics). The highly-organic sediments refer to PT (peat). Other than the basic sediment types, 
there are also dual-classified sediment types, such as low plasticity clay with silt (CL-ML) and 
poorly-graded sand with silt (SP-SM).  
This study collected 619 geotechnical borings from the USACE, the USGS, and the CPRA 
to construct an MRD stratigraphy model. The majority of the borings were distributed along the 
main river trunk (Figures 4.3a and 4.3b). Eleven (11) USCS sediment types were found in the 
dataset (SM, SP, SC, ML, MH, CL, CH, OH, PT, CL-ML, and SP-SM) and their percentages are 
shown in Figure 4.4. CH is the most abundant sediment type (47.5%). CL (12.1%), ML (11.4%), 
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SM (13%), and SP (12.2%) have similar amounts. Other sediment types (SP-SM, PT, SC, OH, 
MH, and CL-ML) are minor components (< 1%). For simplicity, the dual-classified sediment types 
SP-SM and CL-ML were grouped to the sediment types SP and CL, respectively. Thus, nine (9) 
sediment types (SP, SM, SC, ML, MH, CL, CH, OH, and PT) were considered in the study. 
 
Figure 4.4. Percentages of the sediment types from 619 borings. 
The borings were drilled between 1960s and 2010s. Elevations were referenced to either 
the National Geodetic Vertical Datum of 1929 (NGVD 29) or the NAVD 88. To reference all 
elevations to NAVD 88, conversion was done by the North American Vertical Datum Conversion 
(VERTCON) program (Mulcare, 2004): 
 NAVD 88 = NGVD 29 - 0.09 m, (1) 
which is appropriate for the MRD region.  
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Top elevation of the 619 borings varies from 4 m to -23 m and bottom elevation varies 
from -1 m to -61 m. Borings starting at relatively high elevation were drilled along levees or on 
marshes for investigating levee safety. Borings starting at relatively low elevation were drilled on 
riverbed for exploring river sand resources. Most of the borings start between 4 m to -5 m and end 
between -10 to -30 m.  
4.3.2. Topobathymetric data 
Both topographic and bathymetric data are necessary to accurately characterize surface 
morphology of the study area, such as the Mississippi River trunk channel, splay channels, levees, 
marsh platforms, impounding lakes, tidal channels, dredging canals, interdistributary bays, and 
sand bars. This study developed a topobathymetric dataset from the DEM of New Orleans 
(DEMNO) (Love et al., 2010a) and the DEM of Southern Louisiana (DEMSL) (Love et al., 2010b), 
which have a resolution of 1/3 arc-second (~10 m). The DEMNO dataset covers New Orleans and 
surrounding areas extending southward to Alliance, Louisiana and eastward to Bay Saint Louis, 
Mississippi (Figure 4.1). The DEMSL dataset covers the area south of Alliance and west to Morgan 
City, Louisiana. Most of the study area is within the DEMSL coverage. Only about one-tenth of 
the study area in the northernmost part is within the DEMNO coverage. The two DEM models 
were merged to build the topobathymetric dataset for the entire study area.  
4.3.3. Multiple indicator natural neighbor interpolation 
A multiple indicator natural neighbor (MINN) interpolation method was developed to interpolate 
spatially distributed sediment types based on the natural neighbor (NN) interpolation method 
(Sibson, 1980; Sibson, 1981). The NN interpolation method has been used to characterize 
parameter heterogeneity in geoscience applications (Jang et al., 2008; Liang and Hale, 2010; Tsai 
et al., 2005). This method is based on Voronoi tessellation (or Dirichlet tessellation) (Dirichlet, 
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1850; Voronoi, 1908), which is used to determine natural neighbors of a spatial location. A pair of 
locations are natural neighbors if their Voronoi cells share a facet. Figure 4.5a illustrates the NN 
interpolation method in a simple example. Consider seven (7) sampled locations and 
corresponding sediment types. Each sampled location has its own Voronoi cell. The sampled 
location with sediment type PT has four (4) natural neighbors: SM, CH (the upper one), ML, and 
CL. Point A in Figure 4.5a is an unsampled location, where we want to determine its sediment 
type by the NN interpolation method (Sibson, 1981) as follows: 
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where 𝑓(𝐱) is the estimated value at unsampled location x , ( )if x  is the data at sampled location 
ix , which is a natural neighbor of the unsampled location x , and ia  is the area of the second-order 
Voronoi cell (Sambridge et al., 1995), which is the overlapped area of the new Voronoi cell created 
for the unsampled location x  and the Voronoi cell of sampled location ix . ii a  is area of the 
Voronoi cell of the unsampled location x . For example, a new Voronoi cell (gray shade) created 
for the unsampled location A is shown in Figure 4.5b. The unsampled location A has six natural 
neighboring sampled locations. The sampled location with sediment type SM is not a natural 
neighbor of the location A. Superimposing the new Voronoi cell of unsampled location A on the 
six original Voronoi cells of the natural neighboring sampled locations creates six second-order 
Voronoi cells that compose the Voronoi cell of the unsampled location A.  
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Figure 4.5. (a) An example of Voronoi tessellation (solid line) for sampled locations with 
different sediment types. Point A is an unsampled location. (b) Second-order Voronoi cells 
(shaded areas) are created for unsampled location A. For CH indicator interpolation, samples 
with CH are given value 1 and with non-CH are given value 0. 
Once the areas of the second-order Voronoi cells are determined, the next step is to conduct 
multiple indicator interpolation at the unsampled location A. As shown in Figure 4.5b, CH is 
chosen as the first sediment type to be interpolated by the NN interpolation method. Sampled 
locations with CH are assigned an indicator value of 1, and all other sampled locations are assigned 
an indicator value of 0. The NN interpolation uses equation (2) to obtain an estimation value (or 
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“score’) between 0 and 1 for point A. This step is very similar to the indicator kriging (Olea, 2012), 
but uses the second-order Voronoi cells as the weighting coefficients. The indicator interpolation 
approach is repeated for all other sediment types (CL, OH, ML, PT, and SM) to obtain other scores 
at point A. The highest score determines the sediment type at the unsampled location A. The 
procedure is repeated for all unsampled locations. 
4.3.4. Discretization and layer stacking approach 
A layer stacking approach (Li et al., 2019a; Li et al., 2019b) was adopted to construct a 3-D 
stratigraphy model for the MRD. The model domain was discretized into 161 horizontal layers for 
the vertical extent from 3 m to -46 m. Each layer has thickness of 0.3048 m (1 ft) and 44,810 
horizontal computational cells. Cell size is 200 m in northing direction, 200 m in easting direction, 
and 0.3048 m in vertical direction. The entire model domain has 7,214,410 cells. The MINN 
interpolation method was used to obtain the distribution of sediment types for individual layers, 
and later the results were stacked into a 3-D stratigraphy. This approach is used because the 
horizontal extent of the model domain (~20 km by 100 km) is much larger than the vertical extent 
(~50 m). The continuity and variation of the sediment types in the vertical direction are honored 
by a large number of horizontal layers. Moreover, the layer stacking approach is straightforward 
and computationally efficient. 
4.3.5. Leave-one-out cross validation and similarity measures 
Leave-one-out (LOO) cross validation was used to validate modeled sediment types. There were 
619 borings. The LOO approach was carried out by leaving one boring out of the data pool at a 
time. Then, the MINN interpolation method calculated sediment types at the left-out boring 
location using other 618 borings. This procedure was repeated for all 619 boring locations. 
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  Comparing similarity between modeled sediment types and sampled sediment types are 
not straightforward because sediment types are categorical data. Categorical data are not 
continuous and not inherently ordered, so it is not possible to directly compare two different 
categorical data. The overlap measure (Stanfill and Waltz, 1986) is the mostly used measure that 
assigns similarity value 1 if categorical data are the same, and 0, otherwise. However, the overlap 
measure is too simplistic in giving equal importance to matches and mismatches and does not 
consider other information in the categorical dataset, such as the probability of one category 
appears in the dataset (Boriah et al., 2008). This study utilized two similarity measures which were 
tested and recommended in Boriah et al. (2008) that take into account probabilities of categorical 
data in determining the similarity between two different sediment groups.  
 The first similarity measure is the Occurrence Frequency (OF) measure (Jones, 1998): 
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where X is one sediment group, Y is the other sediment group, S(X,Y) is the similarity between X 
and Y, px is the probability of sediment group X in the dataset, py is the probability of sediment 
group Y in the dataset, and lnp is the natural logarithm of probability p. The OF measure assigns 
higher similarity to mismatches to frequent sediment groups. Mismatches to infrequent sediment 
groups are assigned lower similarity. Table 1 shows the similarity matrix for the four sediment 
groups (sand, silt, clay, and peat) using the OF measure.  
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Table 4.1. Similarity matrix of sediment groups using the Occurrence Frequency measure. 
 Sand Silt Clay Peat 
Sand 1 0.259 0.604 0.138 
Silt   1 0.482 0.089 
Clay     1 0.300 
Peat       1 
 
Table 4.2. Similarity matrix of sediment groups using Lin’s measure. 
 Sand Silt Clay Peat 
Sand 1 0.553 0.146 0.427 
Silt   1 0.243 0.607 
Clay     1 0.185 
Peat       1 
 
 The second similarity measure is an opposite approach that assigns lower similarity to 
mismatches to frequent sediment groups (Lin, 1998):  
 
1                       if =
( , ) 2ln( )
  if 
ln ln
X Y
X Y
X Y
S X Y p p
X Y
p p


 
 
 (4) 
Lin’s method is based on an information-theoretic framework for similarity. Table 2 shows the 
similarity matrix for the four sediment groups using Lin’s measure. 
 The two measures were used to determine the similarity of between sampled sediment 
types and LOO sediment types for each elevation as follows: 
 
1 2
sampled LOO 21 ( , )i i
i
S S X Y
N
 
  
 
  (5) 
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where S  is the overall similarity for an elevation represented by the root mean squares, and N is 
the number of borehole data at an elevation. The overall similarity higher than 0.8 indicates a 
good match.   
4.4. Results 
4.4.1. Model cross validation 
The LOO modeled sediment types from elevation 3 m to -46 m were validated well with the 
sampled data through the two similarity measures. Figure 4.6a shows that 97% of the elevations 
have the overall similarity higher than 0.8 according to the OF measure. 94% of the elevations 
have the overall similarity higher than 0.8 according to Lin’s measure (Figure 4.6b). Low similarity 
only occurs near the bottom of the model (-43.6 m to -44.5 m). 
Figure 4.6. Overall similarity for every 0.3048 m (1 ft) by (a) Occurrence Frequency measure, 
and (b) Lin’s measure. 
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4.4.2. Sediment types distribution at different depths 
The constructed 3-D stratigraphy model has the following percentages of individual sediment 
types:  SP (12%), SM (11%), SC (<1%), ML (13%), MH (<1%), CL (10%), CH (52%), OH (<1%), 
and PT (1%), which are close to the boring data (Figure 4.4). Clayey sediments (CH, CL) dominate 
the MRD. As shown in Figure 4.7, silty sediments (ML and MH) are scattered along the river 
channel at both upstream and downstream locations. Sandy sediments (SP, SM and SC) are mainly 
distributed within the river channel bed as a continuous sinuous strip and as discrete patches near 
the river banks and proximal basins at the downstream margins. River bathymetry can be as deep 
as 40 m in the upstream reach and becomes shallower toward downstream reach. River bathymetry 
is about 15 m in depth, on average, at the river mouth. The deeply-incised river channel exposes 
buried relict poorly-graded sand (SP) deposits. The exposed relict sand deposits as well as more 
modern sandy bed materials in active transport and supplied by upstream sources are discernable 
from Figure 4.7. The sandy sediments exposed within the river channel between EE’ and HH’ 
become more silty and clayey than those of the upstream reach. Other than the river sands, the 
model shows potential exposed silty sand at the east side of the river channel at cross section EE’. 
This is because of relatively steep slopes in the interdistributary bay area. 
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Figure 4.7. Modeled sediment types at MRD’s surface. The selected cross sections have either 
local maximum or local minimum river bathymetry. River kilometers for the cross sections are: 
95 km (AA’), 85 km (BB’), 72 km (CC’), 55 km (DD’), 46 km (EE’), 29 km (FF’), 18 km 
(GG’), and 3 km (HH’). 
Model layers at five elevations (-3 m, -12 m, -21 m, -30 m, and -40 m) are selected to 
illustrate the spatial distribution of the sediment types in the MRD. Shallow depth (Figure 4.8a) 
shows a mixture of sand, silt, clay, and organic sediments. Specifically, organic sediments are rich 
in the shallow depth. For deeper depths (Figures 4.8b and 4.8c), relatively large amounts of sand 
(mostly in the upstream) and silt (mostly in the downstream and near river mouth) occurs along 
the trunk river channel. At elevation of -30 m (Figure 4.8d), large areas are still primarily sand and 
silt, but the prominence of clay increases. At elevation as deep as Mississippi River’s greatest 
depth (Figure 4.8e), the vast majority of the sediment is clay.  
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Figure 4.8. Distributions of modeled sediment types at elevations -3 m, -12 m, -21 m, -30 m, and 
-40 m NAVD 88. 
Percentages of the modeled sediment groups through the elevation profile are shown in 
Figure 4.9. Sediments are grouped into sands (SP, SW, and SC), silts (ML and MH), clays (CL 
and CH), and organics (OH and PT). At almost every elevation, except between -15 m to -20 m, 
clays represent the most abundant sediment group. Sediment types above -10 m present a complex 
mixture of organics, clays, silts and sands. From -10 m to -35 m, there are large amounts of sands 
and silts, which reach their peak abundance (61%) between -15 and -20 m, where sands occupy 
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46% of the sediment types. The largest silts amount (25%) occurs at elevation between -25 to -30 
m. 
 
Figure 4.9. Percentages of modeled sand, silt, clay, and organic groups at different elevations (5-
m interval). Sand group includes SP, SM, and SC. Silt group includes ML and MH. Clay group 
includes CL and CH. Organic group includes OH and PT. 
4.4.3. Transverse sediment types distribution  
The cross sections shown in Figure 4.10 suggest that high plasticity clay (CH) is the major 
sediment type in the top 50 m of the MRD and essentially serves as the ‘background’ matrix. The 
upper 10 m is a mixture of CH, CL, ML, and SM. At cross section HH’, which is close to the river 
mouth, SP and SM are seen at or near land surface near the river channel margins.  Along cross 
sections AA’, BB’, CC’, DD’ and EE’, sands (SP and SM) with some vertical and horizontal 
continuity, mainly appear at depths between -10 m and -35 m which corresponds to the range of 
observed bed depths for the modern river channel. However, in cross sections DD’, EE’ and HH’, 
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there are also significant sand deposits higher in the column near the surface. Cross section AA’ 
features a large sand deposit that has similar facies succession with the point bar (Figure 4.2b). 
Large sand deposits identified in the other cross sections are likely formed from the formation of 
bar-finger sands (Figure 4.2a). While point bar deposits are formed from lateral-oriented sediment 
deposition due to decreased sediment transport capacity on the inside of meander bends, bar-finger 
sands are deposited from backfilling due to the loss of transport capacity at the transition zone 
between channelized flow and open water (Kolb and Lopik, 1966; Fagherazzi et al., 2015). Cross 
sections, FF’, GG’ and HH’, show thick silts (ML and MH) deposits, as thick as 25 m, immediately 
beneath or beside the river channel. Organic sediments, OH and PT, are near the surface. The 
thickest organics sediment deposits appear in cross section FF’ on the west side of the river channel. 
All the cross sections show connections between Mississippi River and buried sands. As the river 
approaches to the river mouth, the river channel becomes wider and shallower and contacts mostly 
with clayey sediments. 
To quantify the longitudinal variation in sediment types, the percentages of sediment types 
at the cross sections are illustrated in Figure 4.11. In all cross sections, CH has the highest 
percentage. CL accounts for 13% to 19% in AA’, BB’, and CC’, and has 7% or less in the rest of 
the cross sections. SP and SM together account for more than 30% in AA’ to CC’ with the highest 
percentage in BB’ (45%). The content of SP and SM decreases significantly downstream, and only 
about 10% near river mouth (HH’). The silty sediments, ML and MH, account for 12% in AA’ 
and less than 5% in BB’ to CC’. However, silty sediments increase dramatically downstream from 
9% at DD’ to 39% at HH’. 
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Figure 4.10. Sediment stratigraphy for cross sections in Figure 4.7. The vertical scale is 
exaggerated by a factor of 120. 
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Figure 4.11. Percentages of sediment types for cross sections AA’ through HH’ (Figure 4.10). 
4.5. Discussions 
4.5.1. Surface-groundwater interaction implication 
The stratigraphy model implies that Mississippi River and surrounding tides likely exchange flows 
with the groundwater system through high-permeability sediments. Groundwater discharge into 
surface water bodies is known as submarine groundwater discharge (SGD) and groundwater 
recharge from surface water bodies is known as submarine groundwater recharge (SGR) (Burnett 
et al., 2006; Moore, 2010). SGD and SGR have been detected in the MRDP through geochemical 
tracer measurements (Cable et al., 1997; Cable et al., 1996; Kolker et al., 2013; Krest et al., 1999; 
Moore and Krest, 2004) and river water discharge rate measurements (Allison et al., 2012; Lewis 
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et al., 2017). However, due to a lack of MRD subsurface characterization, locations where surface 
water and groundwater exchange were seldom discussed.  
This study reveals subsurface flow pathways connecting to the estuaries at top through 
shallow sands and connecting to the river channel at depth through deep sands. Large deep sand 
bodies from the model are observed between -10 m and -35 m (Figure 4.10). Some of these sands 
are as thick as 30 meters and laterally extend tens of kilometers away from the trunk river channel. 
These sands connect to the Mississippi River channel in the central and northern MRD. These 
sands are confined because they are capped by an about 10 m-thick silty clay layer at top and 
underlain by a relatively impermeable clay substrate at bottom. The groundwater flow direction 
between the river and the deep confined sands depends on the local hydraulic gradient around the 
river. As Mississippi River water is restricted by levees, river stage is normally higher than the 
proximal estuaries. The general concept is that such a condition establishes a seaward hydraulic 
gradient, by which river is like to recharge the groundwater system through deep sands (Kim, 2016; 
Sawyer et al., 2015; Telfeyan et al., 2017). However, the groundwater system responds slowly to 
river water falling such that groundwater discharge to the river can occur at high river water. When 
approaching the river mouth, deep confined sands are thinning such that surface-groundwater 
interaction in deep depth are insignificant.  
Although sands are not abundant in upper 10 m, unconfined and shallow confined sands 
exist in the MRD. For example, the potential large exposed silty sand (about 10 km by 20 km) 
shown in cross section EE’ at Breton Sound (Figure 4.10) is in the general area of the old river 
mouth prior to the initiation of the Balize subdelta (Bentley et al., 2016). The silty sand is mostly 
under peripheral estuary water and potentially connects Breton Sound and Mississippi River.  
84 
 
Superficial sands, about 1-3 meters thick, can also be seen near the river mouth along the 
trunk river channel and the splay channels (cross section HH’ in Figure 4.10). Though these 
shallow sands are relatively thinner than the deep sands below -10 m, they develop underground 
flow pathways to connect the river channels to the surrounding bays.  
Moreover, the model shows several shallow confined sands in the upper 10 m such as one 
on the west side of the river channel in cross section FF’ (Figure 4.10). They may not directly 
contact the river. These sands are likely to be paleochannel deposits and are confined by clayey 
sediments (Kolker et al., 2013).  
4.5.2. Regional land subsidence implication  
Land subsidence is one of the major drivers to account for coastal land loss in the MRDP, with the 
others being a reduction in fluvial sediment supply (Syvitski et al., 2005) and eustatic sea-level 
rise (Ericson et al., 2006). Many different subsidence mechanisms have been proposed (Yuill et 
al., 2009), such as human modifications (Syvitski et al., 2009), compaction of unconsolidated 
sediments (Meselhe et al., 2016; Törnqvist and Meffert, 2008), tectonics (Dokka, 2006) and glacier 
isostatic adjustment (Wolstencroft et al., 2014).  
 Consolidation is a key driving mechanism for subsidence in the MRD (Jankowski et al., 
2017; Allison et al., 2016) and is likely to occur in the top 10 m, where clayey and organic 
sediments dominate. These sediment types have high compressibility (Briaud, 2013) and are 
sensitive to changes in groundwater head, and can easily experience inelastic compaction when 
effective stress exceeds preconsolidation stress (Jorgensen, 1980). Figure 4.12 illustrates such a 
stratigraphic setting. Storm surges can cause unusually high river water and high pore water 
pressure in the groundwater system. When storms pass, groundwater head drop results in pore 
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water pressure decrease and an increase in effective stress (Terzaghi, 1925), and may result in 
inelastic compaction and a net loss of surface elevation.  
 
Figure 4.12. An illustration of subsidence mechanisms associated with a stratigraphic setting at 
cross section BB’. 
Another factor causing compaction in clayey and organic sediments is evapotranspiration 
that occurs on the land within ring levees. Ring levees constructed on the MRD prevent river and 
bay waters from saturating the land. However, the evapotranspiration process can extract water 
from surface sediments and can result in much worse subsidence within the ring levees.  
Confined sands underlain the clayey and organic sediments have a much smaller 
compression index and have elastic behavior (Widodo and Ibrahim, 2012). Fluctuation in 
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groundwater head often drive elastic compaction and expansion of the confined sands (Comerlati 
et al., 2004; Teatini et al., 2011). Specifically, land heaving or uplifting in the MRD has been 
observed by the CPRA and is likely caused by the elastic behavior of thick confined sands.  
4.5.3. Sediment erosion implication 
Sediment erosion can be more pronounced at areas where high-permeability sediments, such as 
sands and peat, present in shallow depth or expose to surface and connect to Mississippi River. 
Figure 4.13 illustrates such a stratigraphic setting. Storms and hurricanes can elevate bottom shear 
stress of sediments by energetic waves (Dail et al., 2007). At the same time, high pore water 
pressure can be brought into the interconnected permeable zones to reduce effective stress and 
destabilize sediments (Warner et al., 2008; Wiberg and Sherwood, 2008). As a result, the already 
destabilized sediments on the seabed are easier to be eroded and resuspended. Elevated pore water 
pressure can enhance erosion-related processes, such as river bank erosion, scour, slope failure, 
liquefaction, and sub-bottom sediment pump (Fox et al., 2007; Nakamura et al., 2014; Robertson 
et al., 2007; Zhang et al., 2017). 
 
Figure 4.13. An illustration of sediment erosion enhanced by high pore water pressure at cross 
section DD’. 
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4.5.4. Hydrogeological modification by dredging 
Dredging new canals or deepening existing canals in the MRD can involve the risk of connecting 
once separated surface and groundwater systems. The MRD has abundant clayey sediments in the 
upper 10 m, which play an important role in the stability of the delta. After being consolidated, 
clayey sediments become hard to be eroded and hold the delta together (Bomer et al., 2019; Xu et 
al., 2016). Clayey sediments are relatively impermeable and form good barriers to surface 
hydrologic loading. However, dredging on marshes removes clayey sediments and creates man-
made contacts between the high-permeability sediments and the river channels. As a consequence, 
subsurface sediments can suffer from high pore water pressure and loss strength during high river 
water, thus jeopardize safety of flood control facilities, such as levees and floodwalls in the MRD.  
4.5.5. Limitations 
The boring data in this study are mainly located along the trunk channel and some splay channels 
near the river mouth. A few sites are located on the proximal marshes. To better characterize the 
subsurface stratigraphy for the MRD, especially for the areas far away from the river channel, 
more borings will be needed. The spacing of borings is coarse at some areas in the study site. The 
stratigraphy model can be used to understand stratigraphic setting of the MRD on a regional scale. 
However, it is challenging for the model to fully present all the details such as the abundant sandy 
crevasse splay distributary deposits that are common in the active crevasses (e.g., the Cubit’s Gap) 
and geological examples (e.g., Esposito et al. (2017)). 
4.6. Summary and conclusions 
In this study, a stratigraphy model was constructed using the multiple indicator natural neighbor 
(MINN) interpolation method to regionalize sediment types retrieved from geotechnical borings. 
The model reveals an interesting stratigraphic setting for the upper 50 m of the study area in the 
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Mississippi River Delta (MRD). The stratigraphic setting has intriguing implications to surface-
groundwater interaction, subsidence, sediment erosion, and hydrogeological modification by 
dredging.  
The stratigraphy model shows a general layering pattern of clay-silty sand-clay in the MRD. 
The upper 10 m of the modeled stratigraphy is dominated by fine grained sediments including clay, 
silt, and organics. However, sands as thick as five meters present at or downstream of the river 
mouth prior the initiation of the Balize subdelta (river kilometers 30 to 55). Most of sands are 
deposited between -10 m and -35 m along the trunk river channel. These sands show continuity 
along the river channel and sometimes extend laterally kilometers away from the river channel. 
The model shows a thinning trend of sands towards the river mouth. 
The stratigraphy model interprets well the hydrogeological setting of the MRD. The 
relatively fine sediments in the upper 10 m are low in hydraulic conductivity and form a confining 
layer. However, some localized sands deposited in the paleochannels and near the old river mouth 
constitute some localized, shallow confined and unconfined sands that are hydraulically connected 
to the Mississippi River and estuaries. For deeper depths, between -10 m and 35 m, large confined 
sands are capped and underlain by low-permeability sediments. The deeply incised Mississippi 
River channel cuts into these buried confined sands and has direct hydraulic interaction with the 
groundwater system. 
MRD’s stratigraphic setting has intriguing implications on land subsidence and sediment 
erosion, which are the key drivers of the regional land loss. Stratigraphic and man-made 
interconnectivities between surface water and surficial permeable deposits (sands and peat) form 
flow pathways for high pore water pressure to propagate throughout the subsurface space, which 
can weaken sediment strength as well as trigger inelastic compaction and thus initiate or enhance 
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sediment resuspension and subsidence. Sand compaction and expansion due to pore water pressure 
variation originated from the river dynamics is like to be the cause to the observed vertical 
movement in the delta. However, a further study will be needed to quantify the magnitude. 
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Chapter 5. Dynamics of Groundwater Flow in the Mississippi River Delta 
5.1. Introduction 
A river delta is a landform created by deposition of riverine sediments as a river enters another 
body of water, such as ocean and lake (Reading, 1978). In the coastal area, a river delta is normally 
entrenched by the river and surrounded by interdistributary bays, and tends to be aerially extensive 
and low-relief. Groundwater is a major component in the river-deltaic environment. Figure 5.1 is 
a conceptual diagram depicting hydrogeological architecture and surface-groundwater interactions. 
A river-deltaic groundwater system is composed of confining layers and aquifers. Groundwater 
can interact with surface water through rivers, interdistributary bays, canals, and drains. 
Groundwater can also interact with atmospheric waters through precipitation and 
evapotranspiration. Groundwater plays an important role in biogeochemical processes via 
influencing water quality, nutrient flux (Chen et al., 2007; Debnath and Mukherjee, 2016; Liu and 
Mou, 2016), and vegetation structure (Fan et al., 2011). However, dynamics of groundwater flows 
in the river-deltaic environment remains an open question due to complexities in river-deltaic 
stratigraphy and hydrology. River-deltaic stratigraphy is formed under fluvial, deltaic and coastal 
processes; and river-deltaic hydrology involves frequent disturbance from floods, storms, and 
hurricanes. Nevertheless, groundwater flow is often overlooked in the river-deltaic environment 
because of rich low-permeability silty and clayey sediments where groundwater flow is less 
important. As a matter of fact, the river-deltaic system also contains a large volume of sandy 
sediments placed at depth as bar-finger sands or buried near surface as crevasse splay deposits 
(Fisk, 1961; Welder, 1955). These sandy deposits are favorable places for surface-groundwater 
interactions in the river-deltaic environment (Coleman et al., 2016; Kolker et al., 2013; Sawyer et 
al., 2015). 
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Figure 5.1. A conceptual diagram of the hydrogeological architecture and groundwater-surface 
water interactions in the river-deltaic environment. 
In this study, we investigate the dynamics of groundwater flows in the Mississippi River 
Delta (MRD). The MRD is the river delta formed at the confluence of the Mississippi River with 
the Gulf of Mexico (Figure 5.2). The modern Mississippi River Delta Plain, formed in the past 
~7,500 years, consists of multiple subdeltas: Maringouin, Teche, St. Bernard, Lafourche, 
Plaquemines-Balize, and Atchafalaya-Wax Lake (Coleman, 1988). Development of a subdelta 
generally follows the delta-cycle which consists of a river-dominated regressive phase and a 
marine-dominated transgressive phase (Roberts, 1997). From top to bottom, the stratigraphy of a 
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river delta normally features a silty-clayey delta plain, sandy distributary mouth bars, silty delta 
front deposits, and clayey prodelta deposits (Frazier and Osanik, 1969). 
 
Figure 5.2. Map of the study area with locations of the model domain, river gages, tide gages and 
the track of the 2012 Hurricane Isaac. Basemap source: Esri ArcMap. 
The MRD is one of the largest delta systems in the world (Milliman and Meade, 1983). 
The delta system is socioeconomically imperative to Louisiana and the United States. However, 
the delta system has been degrading and suffering from a high rate of land loss, which threatens 
coastal communities, industries, wildlife and infrastructures (Allison et al., 2016; Day and Giosan, 
2008; Törnqvist and Meffert, 2008). Fifty billion U.S. dollars of coastal protection and restoration 
projects have been planned to cope with the land loss problem and to promote sustainability for 
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the MRD and adjacent regions (CPRA, 2012; CPRA, 2017). Many studies were conducted on the 
MRD, aiming at understanding the river-deltaic system (Bentley et al., 2016; Chamberlain et al., 
2018) and providing insights for coastal restoration (Allison et al., 2012; Day et al., 2007; Meselhe 
et al., 2016; Xu et al., 2019). 
Many previous groundwater related studies in the MRD were conducted in the context of 
submarine groundwater discharge (SGD), which refers to seaward flow or discharge of water from 
aquifers to oceans (Burnett et al., 2006). Researchers used geochemical tracers to assess 
groundwater fluxes in the near-shore marine environment (Cable et al., 1996; Kim, 2016; Krest et 
al., 1999; McCoy et al., 2007; Moore and Krest, 2004), and to identify flow pathways for the SGD 
(Kolker et al., 2013). Flow rates from 0.1 to 2.5 cm/day were reported in the coastal area along the 
MRD (Kim, 2016). The tracer method can be used to detect groundwater discharge at measurement 
locations and estimate discharge rates. However, it is still challenging to use this method to 
evaluate the dynamics of groundwater flows in a coastal groundwater system that involves multiple 
aquifers, and that shows significant spatial and temporal variabilities (Burnett et al., 2006). 
Moreover, the SGD only accounts for one direction of groundwater flow. Landward flow or 
recharge of water from oceans to aquifers, have seldom been discussed in the MRD. 
This study attempts to fill in the knowledge gap in how the hydrologic and hydrogeological 
settings influence groundwater flows in the MRD. Major research questions in this study include: 
(1) where groundwater and surface water (river and bay waters) interact in a river-deltaic system? 
(2) how groundwater head and groundwater flow respond to seasonal flood, storm, and hurricane 
events? and (3) what role groundwater may play in the coastal sustainability? 
Past studies have employed groundwater models to address some of these questions. 
Thompson et al. (2007) developed a large-scale conceptualized groundwater model up to depth 5 
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km to evaluate groundwater-seawater circulation in the continental shelf of Louisiana. The study 
concluded that no substantial terrestrial-origin groundwater discharge on the continental shelf. On 
the contrary, O’Connor and Moffett (2015) developed a small-scale groundwater model to study 
surface-groundwater interactions in a young prograding delta island within the Wax Lake Delta 
west to the MRD. The study found that intensity and direction of the groundwater flow are 
controlled by hydraulic gradients at surface water-groundwater interfaces. However, both 
groundwater models were hydrogeologically simple and did not capture the heterogeneity in the 
depositional environment of sandy, silty, and clayey sediments for a river-deltaic system. 
This study developed a more detailed groundwater model to address the aforementioned 
questions. In this study, an integrated groundwater model was constructed along Mississippi River 
from the Head of Passes (RK, river kilometer 0) to Jesuits Bend (RK 108). The model focuses on 
the topmost 50 m of the river delta. Many emerging datasets (geotechnical borings, 
topobathymetric maps, river and tide gauges, etc.) were used to construct the model. Geotechnical 
borings were used to construct a stratigraphy model, which serve as the structure of the 
groundwater model. Topobathymetric maps were used to determine the surface of the groundwater 
model. River and tide gauges were used to determine flood, storm, and hurricane events to the 
model boundary conditions. 
 
5.2. Study area 
The study area shown in Figure 5.2 covers a large portion of the Plaquemines-Balize delta lobe, 
which is formed between Lafourche delta lobe to the southwest and St. Bernard delta lobe to the 
northeast. The area is about 1,800 km2, with maximum length of ~ 100 km, and maximum width 
~ 20 km. The area is bounded by Barataria Bay to the northwest, Breton Sound to the east, and 
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Gulf of Mexico to the south and southwest. As shown in Figure 5.3, the upper half of the area 
mainly consists of a trunk river channel, natural levees, tidal marshes, and impounding lakes. The 
lower half of the area mainly consists of the trunk river channel, splay channels, broken tidal 
marshes and open waters. Residential and business areas are protected by the ring levees along 
Mississippi River. 
 
Figure 5.3. Aerial image of the study area with locations of the ring levees and geotechnical 
borings (map source: Esri). 
Due to its subtropical latitude, low lying topography, and proximity to the Gulf of Mexico, 
southeastern Louisiana has a humid subtropical climate. The study area has long, hot, and humid 
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summers, and short and mild winters. Annual average temperature is about 21°C. Annual average 
precipitation is about 1,600 mm. The area has about 110 days of precipitation per year (National 
Climatic Data Center, 2019). The MRD is often affected by hydrologic events, such as river floods 
and tropical cyclones. The lowlands are very vulnerable to major hurricanes; and the area is also 
prone to frequent thunderstorms, especially in summer months. Hurricane Katrina and Hurricane 
Isaac are the two most recent major hurricanes that made landfall within 30 km of the study area. 
Hurricane Katrina was a Category 5 hurricane that made landfall near Buras-Triumph, Louisiana 
in August 2005, causing more than 1,800 fatalities, and 125 billion dollars of property damage 
(Knabb et al., 2005). Hurricane Isaac was a Category 1 hurricane that made landfall near the 
southwest of the Mississippi River mouth in August 2012, causing 41 fatalities and 3 billion dollars 
of property damage (Berg, 2013). 
 
5.3. Hydrologic data and hydrologic events in 2012 
This study investigates groundwater dynamics associated with hydrologic forcing between 
November 1, 2011 and October 31, 2012. Daily river stage data were collected from stations at 
Alliance, Pointe a La Hache, Empire, Venice, West Bay, and Head of Passes (Figure 5.2). The 
river gage data are maintained by the U.S. Army Corps of Engineers (USACE) (USACE, 2019).  
Figure 5.4a shows hydrographs for the six stations. The vertical datum for all river stages is the 
North American Vertical Datum of 1988 (NAVD 88). This period includes three seasonal 
Mississippi River floods before May 2012, Tropical Storm Debby in June 2012, and Hurricane 
Isaac in August 2012. Each of the three floods lasted about one and a half months. Crest stages 
were over 1.5 m at northern stations. Tropical Storm Debby was formed on June 23, 2012 from a 
trough of low pressure and made landfall in Florida’s Big Bend region on 26 June, 2012 
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(Kimberlain, 2013). River stages were raised by storm surges and were above 1 m at northern 
stations. 
Hurricane Isaac caused dramatic water level increase in all stations in Mississippi River 
between August 21 and September 1, 2012. Hurricane Isaac was a Category 1 hurricane prior to 
making two landfalls in southeastern Louisiana (Berg, 2013). Figure 5.2 shows the hurricane track. 
The first landfall was made at the Southwest Pass at the mouth of the Mississippi River around 
0000 Coordinated Universal Time (UTC) 29 August. The second landfall was made west to Port 
Fourchon, Louisiana, around 0800 UTC 29 August (Berg, 2013). The hurricane slowed down 
while approaching the coast of Louisiana. The slow movement prolonged the strong wind, high 
storm surges, and heavy rainfall along the coast. Strong easterly wind caused large storm surges 
along the eastern shore of the Plaquemines-Balize and St. Bernard delta lobes, and the western 
shore of Lake Borgne (Guy et al., 2013). The storm surges elevated water level in Mississippi 
River more than 1.5 m at all stations and more than 2 m at northern stations. 
The hydrologic events in 2012 set an ideal groundwater study based upon two distinct 
hydrologic episodes on the MRD. One hydrologic episode is the hydrologic loading from seasonal 
Mississippi River floods, which usually end before June every year (Junk et al., 1989). The other 
hydrologic episode is the hurricane season, which starts June every year (Larson et al., 2005). 
Another possible hydrologic episode that both Mississippi River floods and hurricanes occur at 
the same time never happened before. Hurricane Barry in July 2019 was a close one, but Barry 
made a landfall about 210 km west to the study area when it became a Category 1 hurricane 
(National Weather Service, 2019). 
Tidal stage data were collected from 86 tide gages in and around the study area (Figure 
5.2). Eighty (80) gages were from CPRA’s Coastwide Reference Monitoring System (CPRA, 
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2018b), four (4) gages were from NOAA’s Tides and Currents database (NOAA, 2018a), and two 
(2) gages were from USGS’ National Surface-Water database (USGS, 2018). All water level data 
were adjusted to the NAVD 88 datum using NOAA’s vertical datum transformation tool (NOAA, 
2018b). Figure 5.4b shows the daily water levels from November 1, 2011 to October 31, 2012 for 
all 86 tide gages. Normal tidal water levels in all tide gages are generally between 0 m and 1 m 
NAVD 88. The seasonal Mississippi River floods had minimum influence on tidal water levels. 
However, tidal water levels were elevated by Tropical Storm Debby and Hurricane Isaac. Tropical 
Storm Debby raised tidal water level over 1 m at several gages. Strong storm surges from 
Hurricane Isaac caused a spike in all tide gages. Some tide gages experienced more than 3 m water 
levels. 
 
Figure 5.4. (a) Water levels at river gauges (USACE, 2018); (b) water levels at tide gauges 
(CPRA, 2018b; NOAA, 2018a); and (c) percentage of tide cells that are wet. Locations of river 
and tide gauges are shown in Figure 5.2. 
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Tidal stage data were interpolated to determine boundary conditions for the model’s lateral 
boundaries. Moreover, tidal stage data were also interpolated to determine surficial boundary 
conditions that reflect open water and inundated areas in the model domain and water levels above 
land surface. Inundations increase groundwater recharge from land surface. 
In general, more than 60% of the model domain was under water during the normal 
condition (no Mississippi River high water, no severe storms, and no hurricanes) as shown in 
Figure 5.4c. Due to the low relief topography, small fluctuations in tides can substantially alter the 
extent of the inundated areas. There is a spike on March 21, 2012 that more than 80% of the model 
domain was under water. This was caused by a trough of low pressure that slowly moved eastwards 
and generated severe thunderstorms and outbreak of tornados across southeast Louisiana (Stom 
Prediction Center, 2012). Tropical Strom Debby caused more than 85% of the model domain 
inundated. Hurricane Isaac caused more than 90% of the model domain inundated. 
 
5.4. Methods 
5.4.1. Construction of stratigraphy model 
Geotechnical data were used to determine sediment types and build a stratigraphy model for the 
study area. 619 borings were collected from the USACE, USGS, and CPRA. The boring sites are 
along the river levees and on marshlands (Figure 5.2). Each boring records sediment types and 
corresponding elevations with respect to the NAVD 88. Sediment types were classified by the 
Unified Soil Classification System (USCS) (ASTM, 2017), which include poorly-graded sand (SP), 
silty sand (SM), clayey sand (SC), silt (ML), elastic silt (MH), low-plasticity clay (CL), high-
plasticity clay (CH), organic clay (OH), and peat (PT). 
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Distribution of sediment types for the study area was estimated at 0.3 m (1 ft) intervals 
from 3 m to -46 m NAVD 88. The model was discretized into 161 layers. Each layer has 44,810 
cells. Cell size is 200 m by 200 m. A multiple indicator natural neighbor interpolation (MINN) 
method was used to obtain layer-wise distribution of sediment types for each layer. The MINN 
method is based on the natural neighbor interpolation (NN) method (Sibson, 1980; Sibson, 1981; 
Tsai et al., 2005). Indicator values of the 9 sediment types were calculated by the MINN method 
at a location. The final sediment type for the location was determined by the highest indicator 
value. Then, the 161 layers were stacked and upscaled into a three-dimensional stratigraphy model 
by merging adjacent vertical cells that have the same sediment type (Li et al., 2019a; Li et al., 
2019b). The upscaling procedure resulted in a 25-layer stratigraphy model with a total of 1,120,250 
cells. We will discuss the stratigraphic modeling results in the Results and Discussion section. 
A topobathymetric map was used to determine the relief of the stratigraphy model and later 
the groundwater model. The topobathymetric map was generated by merging a digital elevation 
model of New Orleans (Love et al., 2010a) and a digital elevation model of Southern Louisiana 
(Love et al., 2010b). Both of the data sets have a resolution of 1/3 arc-second (approximately 10 
m) and vertical datum NAVD 88. 
5.4.2. Groundwater model development 
The structure of a groundwater model was built based upon the stratigraphy model. This study 
used MODFLOW-USG (Panday et al., 2013) to simulate groundwater flow in the MRD. 
MODFLOW-USG uses a generalized control volume finite difference (CVFE) approach to solve 
groundwater flow equations (Narasimhan and Witherspoon, 1976). 
The groundwater model simulated daily groundwater head and groundwater flow from 
November 1, 2011 to October 31, 2012. There were 366 daily time steps. Groundwater head in the 
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first time step was simulated under the steady-state condition, and in other time steps was simulated 
under the transient condition. 
There are three types of boundaries in the model as shown in Figure 5.5. These boundaries 
correspond to the surface-groundwater interfaces. The river boundary is at the interface between 
Mississippi River and the subsurface and was identified as river cells in the model. The tide 
boundary is at the interface between surrounding bays (including inundated areas) and the 
subsurface and was identified as tide cells. The lateral boundaries locate at the model outer 
boundaries that are influenced by tides and was identified as boundary cells shown in the cross 
sections (Figure 5.5b). The cross sections show that Mississippi River incises 20 m to 40 m into 
the subsurface. Other non-boundary cells are inner cells in the model domain. 
A general head boundary condition was assigned to the three types of boundaries, which 
characterizes a head-dependent flux across a material at the boundary as follows 
  bQ K A H h  , (7) 
where Q is the flow rate [m3/day] across the boundary material, K   is the hydraulic conductivity 
per unit width of the boundary material [1/day], A is the cross-sectional area of the boundary 
material perpendicular to the flow [m2], H is the hydraulic head of a boundary forcing term [m], 
and bh  is the groundwater head at the boundary [m]. K A is the hydraulic conductance [m
2/day]. 
To assign hydraulic head at the river boundary, water levels at the 6 river gauges (Figure 
5.4a) were interpolated to all river cells according to river kilometers. To assign hydraulic head at 
the tide boundary, tidal stages at the 86 tide gauges (Figure 5.4b) were interpolated to all tide cells. 
Special attention was paid to determining tide cells for the inundated areas because the inundated 
areas changed over time. “Wet and dry” condition for surficial cells was taken care by comparing 
102 
 
tidal water level to land elevation. For the lateral boundaries, interpolated tidal stages at the model 
boundary were used to assign the boundary values. 
 
Figure 5.5. Model cells for boundary conditions: (a) plan view, and (b) cross sections. 
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Surficial groundwater recharge from precipitation and groundwater loss from 
evapotranspiration were not directly considered in the model because the majority of the model 
domain is under water. The river and tidal water levels have taken precipitation and evaporation 
into consideration. 
As a result, groundwater storage gain or loss in the MRD depends on groundwater 
interactions with the Mississippi River and the surrounding bays, and groundwater fluxes through 
the lateral boundaries. A simplified water balance equation is 
 river bays lateral river bays lateralS I I I O O O       ,  (8) 
where S is the storage change [m3], I is the inflow [m3], and O is the outflow [m3]. The inflow 
and outflow terms at the boundaries are determined by the groundwater model through water 
budget analysis. 
5.4.3. Model parameter sensitivity and uncertainty analyses 
Model parameters include hydraulic conductivity (K), specific storage (Sy), and specific yield (Ss) 
for the 9 sediment types and K  for the river, tide, and lateral boundaries. In total, there are 30 
parameters need to be determined. Unfortunately, there is no groundwater data available in the 
study area for model calibration. Instead, sensitivity analysis was conducted to evaluate how model 
parameters affect groundwater recharge rates from the river, tide, and lateral boundaries. Table 1 
lists the range of parameter values from the literature for sensitivity analysis. Sensitivity analysis 
was carried out for the thirty parameters. 
A composite scaled sensitivity (CSS) method (Hill et al., 1998) was used to identify the 
most sensitive parameters among all parameters. To calculate the CSS, the total groundwater 
recharge flowrate for the kth value of parameter 
( )k
jp  was calculated by 
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where 
Q  is the standard deviation of the total groundwater recharge flowrate Q . The final CSS 
value with respect to parameter jp  was calculated as: 
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where M is the sample size of parameter 
( )k
jp . 
The CSS ranked the model parameters from the most sensitive parameter to the least 
sensitive parameter. Then, uncertainty analysis was carried out by sampling the top most sensitive 
parameters using the Latin Hypercube Sampling (LHS) method (Helton and Davis, 2003). Ranking 
of the sensitivities will be discussed in the Results and Discussion section. Thirty (30) sets of 
realizations were generated using the LHS method. Simulations were carried out using these sets 
of sampled parameters. Model results from these simulations will be discussed later. 
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Table 5.1. Ranges of parameters’ values 
USCS Sediment Type HK (m/d)1, 2, 3, 4, 5 Ss (1/m)6, 7, 8 Sy6, 9, 10 
SP Poorly graded sand 3 - 300 4.57E-6 - 9.45E-6 0.15  –  0.35 
SM Silty sand  1 - 90 1.19E-5 - 1.89 E-5 0.10 - 0.28 
SC Clayey sand      0.1 - 10 4.57E-5 - 9.45E-5 0.07 - 0.20 
ML Lower plasticity silt 0.0001 - 1 6.1E-5 - 1.07E-4 0.03 – 0.19 
MH High plasticity silt  0.0001 - 1 6.1E-5 - 1.07E-4 0.03-0.19 
CL Low plasticity clay 0.00004 - 0.004 1.19E-4 - 2.38E-4 0.0001 – 0.12 
CH High plasticity clay  0.00004 - 0.004 2.38E-4 - 1.89E-3 0.0001 – 0.12 
OH High plasticity organics  0.00004 -0.009 2.38E-4 - 1.89E-3 0.0001 – 0.12 
PT Peat  1 - 780 8E-7 -2E-6 0.2 - 0.6 
 
1 Freeze and Cherry (1979) 
2 Robertson and Cabal (2015) 
3 Leonards (1962) 
4 Hogan et al. (2006) 
5 Thompson et al. (2007) 
6 Younger (1993)Younger (1993)  
7 Domenico and Mifflin (1965) 
8 Batu (1998) 
9 Johnson (1967) 
10 Letts et al. (2000) 
 
5.4.4. Factor of safety (FS) calculations 
Factor of Safety (FS) is a commonly used measure for the potential concern of sand boils and 
uplifting (FEMA, 2015; Harr, 1962; USACE, 1993)(Harr 1962; USACE, 1993; FEMA, 2015). 
This study adopts the FS as an indicator to imply sediment stability in the river-deltaic setting. FS 
is estimated from a ratio of effective weight of the soil to net pressure head against the top stratum. 
A factor of safety greater than 1.5 is preferred. FS is also referred as the ratio of the critical upward 
hydraulic gradient to in-situ upward hydraulic gradient (USACE, 1993): 
 
ciFS
i
 , (12) 
where ci  is the critical hydraulic gradient and i is the hydraulic gradient across the top stratum. 
The hydraulic gradient across the top stratum was derived from the groundwater model. Since the 
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top stratum is not homogeneous, transformed thickness in terms of clay sediments was calculated 
for the top stratum based on the method in USACE (1992). A value of 0.8 is commonly used for 
the critical hydraulic gradient (USACE, 1956). 
 
5.5. Results and discussion 
5.5.1. MRD Stratigraphy 
The MRD has a complex stratigraphic architecture under influences of fluvial, deltaic, and coastal 
processes (Roberts, 1997). As shown in Figure 5.6a, the surface of the MRD is dominated by 
estimated silty (ML and MH), clayey (CL and CH), and organic clay (OH) sediments, which form 
a large surficial confining layer. However, a large area of estimated sandy sediments in the middle 
of the MRD is exposed to land surface or directly contacts bay water. Estimated sandy sediments 
are also exposed to the Mississippi River channel or near the river mouth. Fluxes of surface water 
and groundwater are directly exchanges through these sandy sediments. 
Silty and clayey sediments also make up the largest portion under the MRD as shown in 
the cross sections (Figure5. 6b). Thickness of the surficial confining layer varies greatly from 0 to 
the entire model depth. Most of the sandy sediments (SP, SM, and SC) were deposited along and 
below the main Mississippi River channel and are confined by fine-grained sediments, except for 
those exposed to the topobathymetric surface (see cross section HH’). Some sands are interlayered 
by silty and clayey sediments near surface. These sands may be formed in splays of river channel 
or in crevasse splays, and may create pathways for river-groundwater interactions (Kolker et al., 
2013). The river channel exposes the deep sandy deposits, causing groundwater to interact with 
river water. 
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Figure 5.6. (a) Top view of the stratigraphy model, and (b) cross-sections of the stratigraphy 
model. 
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5.5.2. Sensitivity and uncertainty analyses 
Sensitivity analysis was conducted on the model parameters. The rank is shown in Figure 5.7. 
Specific yield of CL and specific storage of SM, ML, CL, SP, and SC are the top 6 sensitive 
parameters. Other parameters have CSS less than 4. CL is abundant at or near the surface and SM, 
ML, SP, and SC are abundant and connect to the river, which makes the specific yield of CL and 
the specific storage of SM, ML, CL, SP, and SC the most sensitive model parameters. 
 
Figure 5.7. CSS rank of the model parameters. Sy refers to specific yield. Ss refers to specific 
storage. K refers to hydraulic conductivity. K' refers to hydraulic conductivity per unit width of 
the boundary material. 
Uncertainty analysis was conducted by sampling from the 6 most sensitive parameters. 
Thirty (30) sets of parameters were generated using the LHS method and input to the groundwater 
model to evaluate uncertainty. One standard deviation was used to quantify the uncertainties in 
flow rates and storage changes. 
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5.5.3. Groundwater-Mississippi River interaction 
Groundwater recharge from or discharge to Mississippi River depends on local hydraulic gradients 
along the river. Figure 5.8 shows the simulated mean flow rates through the river boundary with 
one standard deviation uncertainty from Nov. 2011 to Oct. 2012. Higher flow rates associate with 
higher estimation uncertainty. For non-flood and non-hurricane periods, groundwater recharge and 
discharge rates were estimated generally within 0.4 million m3/day. Groundwater recharge rate 
could reach as high as 0.75 million m3/day during the three flood events. Nevertheless, low 
groundwater discharge rate still occurred whenever river stage dropped below groundwater head 
during the floods. Tropical Storm Debby intensified groundwater recharge rates, which was 
estimated up to 0.5 million m3/day. Storm surges by Hurricane Isaac created a sharp groundwater 
recharge rate, which was estimated as high as 2.5 million m3/day, followed by a sharp groundwater 
discharge rate estimated around 1 million m3/day in responding to the rapid river water drop after 
the hurricane passed. Comparing to the mean Mississippi River flow rate 1.145 billion m3/day 
(468,000 ft3/sec) at Belle Chasse, it is not surprising to see that the groundwater recharge and 
discharge rates in the MRD are very small. Moreover, dividing the estimated groundwater flux 
with the river channel surface area yields specific discharge between 0.1 cm/day and 1 cm/day, 
which is similar to the previous measurements (e.g., Kim, 2016). 
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Figure 5.8. Groundwater recharge and discharge flow rates at the subsurface-river boundary from 
Nov. 2011 to Oct. 2012. Gray color represents the area of one standard deviation. 
5.5.4. Groundwater-bay interaction 
Groundwater recharge from and discharge to the surrounding bays are controlled by 
vertical hydraulic gradients at the topobathymetric surface. As shown in Figure 5.9, the 
groundwater system exchanges water more frequently with bays than with the Mississippi River. 
Processes such as spring and neap tides (Li et al., 2000) cyclically fluctuate the sea level, and thus 
alternate vertical hydraulic gradients recurrently. Moreover, cold fronts in the region may also 
contribute to the sea level fluctuation. Cold fronts normally last for 3 to 7 days and are the common 
weather pattern between October and April along Louisiana’s coast (Chuang and Wiseman Jr., 
1983)(Chuang and Wiseman, 1983). The onshore wind during pre-frontal phase of a cold front can 
set up sea level along the coast (Christopher et al., 1993). And the offshore wind during the post-
frontal phase can flush out water in the bay and drop sea level (Feng and Li, 2010). 
Groundwater recharge and discharge rates were estimated generally within 1 million 
m3/day during Nov. 2011 to Oct. 2012. The three major floods had minimum impact on the 
groundwater-tide interactions. However, thunderstorms around March 21, 2012 (Storm Prediction 
Center, 2012) and Tropical Storm Debby during June 23-26, 2012 elevated sea level and 
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intensified groundwater recharge rate estimated more than 1 million m3/day. Storm surges by 
Hurricane Isaac (August 28 to September 1) significantly elevated sea level and induced sharply 
high groundwater recharge rate estimated about 5.6 million m3/day, which was quickly reversed 
by groundwater discharge with a rate about 2 million m3/day in responding to the sharp sea level 
drop. 
 
Figure 5.9. Groundwater recharge and discharge flow rates at the subsurface-tide boundary from 
Nov. 2011 to Oct. 2012. Gray color represents the area of one standard deviation.  
The inundation area (Figure 5.4c) is proportional to the groundwater-bay exchange rate 
and is the reason why groundwater-bay interactions is stronger than groundwater-river interactions 
in the MRD. However, the temporal change in the inundation area likely determines either 
groundwater recharge or groundwater discharge because groundwater head slowly responses to 
tides. 
5.5.5. Groundwater flux across lateral boundary 
Groundwater flow across the lateral boundaries is influenced by both Mississippi River and the 
interdistributary bays. Figure 5.10 shows that groundwater outflow dominates groundwater inflow 
at the lateral boundaries most of the time. This is because of the general seaward hydraulic gradient 
established by the relatively high Mississippi River water with respect to the interdistributary bays.  
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However, the flow rates were estimated one order of magnitude smaller than those at the 
groundwater-river and groundwater-tide interfaces. The three flood events established high 
groundwater head around the river and pushed more groundwater out through the lateral 
boundaries. Most of the elevated groundwater discharge rates were estimated below 10,000 m3/day. 
On the contrary, storm surges from the severe thunderstorms in March, Tropical Storm Debby in 
June, and Hurricane Isaac in August increased sea level and resulted in groundwater recharge from 
the lateral boundaries. The peak recharge rate was estimated 34,000 m3/day during Hurricane Isaac. 
 
Figure 5.10. Groundwater recharge and discharge flow rates at the subsurface-lateral boundary 
from Nov. 2011 to Oct. 2012. Gray color represents the area of one standard deviation.   
5.5.6. Groundwater storage variation 
Groundwater storage increase or decrease in the MRD strongly associates with surface water 
dynamics.  As shown in Figure 5.11, daily groundwater storage variation was estimated within 1 
million m3, except for the storm and hurricane events. The peak daily storage gain was occurred 
during Hurricane Isaac, estimated nearly 7.5 million m3, followed by the peak daily storage loss 
after 3 days. 
Cumulative storage changes with respect to the storage on 01/11/2011 show a regular 
pattern that groundwater storage always increases during flood, storm and hurricane events, 
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followed by groundwater storage recession (Figure 5.11). The groundwater flow simulation started 
at low river stage and the year 2012 was a wet year. The groundwater system gained around 9 
million m3 at the end of simulation period (10/31/2012). 
 
 
Figure 5.11. Daily groundwater storage changes and cumulative groundwater storage changes 
with respect to the storage on 01/11/2011. Gray color represents the area of one standard 
deviation. 
5.5.7. Groundwater head dynamics 
Pre-flood season condition 
Groundwater head distribution on November 1, 2011 represents the groundwater condition without 
severe hydrologic events for a long time (say one month). Groundwater head is relatively uniform 
and low as shown in Figure 5.12a. Groundwater head was estimated between 0.1 m and 0.7 m in 
most of the area. During pre-flood season, river stages and tidal stages are relatively low. Low 
hydraulic gradients indicate low groundwater flow exchanges with the river and the surrounding 
bays. 
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Figure 5.12. Mean groundwater head distribution beneath topobathymetric surface and in the 
cross sections on (a) Nov.1, 2011, (b) Feb.11, 2012, (c) Jun. 24, 2012, and (d) Aug. 29, 2012. 
Dashed lines refer to the location of cross sections. All cross sections are vertically exaggerated 
by a factor of 120. 
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Groundwater response to flood peak 
Groundwater head distribution on February 11, 2012 represents the groundwater condition at the 
crest of a flood. Groundwater head was high around the Mississippi River as shown in Figure 
5.12b. Groundwater head along the river and near the river mouth was estimated between 0.7 m 
and 2.2 m. High groundwater head was built up in the sandy deposits between elevation -10 m and 
-35 m and dissipated seaward. High river stage leads to high groundwater recharge. 
Groundwater response to storm 
Groundwater head distribution on June 25, 2012 represents the groundwater condition at peak 
river/tidal stages caused by a tropical storm.  As shown in Figure 5.12c, groundwater head was 
estimated between 0.7 m to 1 m around the river, and between 0.1 m to 1.3 m underneath the 
surrounding bays. Different from the flood condition, elevated groundwater head occurred not only 
in deep sands between -10 m and -35 m, but also in surficial sands, for example the cross section 
CC’. Moreover, the seaward hydraulic gradient around the river is lower than the flood condition 
due to low pre-storm river stage that lasted more than one and half months. 
Groundwater responses to hurricane 
Similar to the storm, a hurricane can also elevate groundwater head around the river and beneath 
the surrounding bays, but with much higher groundwater head. As shown in Figure 5.12d, on 
August 29, 2012 groundwater head was estimated between 1.6 m to 2.8 m along the river and 
between 1.0 m and 2.8 m underneath the surrounding bays. High river and tidal stages lead to 
much higher groundwater recharge. 
5.5.8. Impact on factor of safety 
Factor of safety was calculated using 30 realizations of model parameters at peak river and tidal 
stages (August 30, 2012) during Hurricane Isaac. As shown in Figure 5.13a, several areas have 
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more than 90% chance that estimated factor of safety is lower than 1.5. Majority of the concerned 
areas are inside the ring levees, suggesting strong uplifting force acting on landside levee toes. The 
low factor of safety was due to high groundwater head beneath thin clayey blanket or in the 
exposed sands. The upward hydraulic gradient causes sediments to be saturated with groundwater 
from below. The upward flow of groundwater and the decreased effective stress cause sediments 
to destabilize.  
Figure 5.13b shows even larger areas of having factor of safety lower than 1.5 after the 
hurricane passed (September 2, 2012). This is because the retreating surface water removed 
overburdens, and caused reversed vertical hydraulic gradient at some areas outside the ring levees 
to experience uplifting forces.  
Analysis in this study suggests that high pore water pressure during and after hurricanes 
can threaten the ring levee systems as well as the coastal communities and industries in the MRD. 
Further field observation and monitoring should be conducted to verify the mechanisms described 
by this study.  
5.5.9. Groundwater implications 
Infrastructure Safety 
The factor of safety evaluation leads to a much bigger infrastructure safety issue with regard to 
dredging Mississippi River. Moreover, man-made river diversion can cause tens meters of 
scouring in the diversion channel (Yuill et al., 2016). The dredging and scouring may penetrate 
the confining layer, and thus create seepage pathways to deliver high pore water pressure to areas 
underneath infrastructures, which can reduce effective stress of sediments and destabilize the 
foundation of structures (Nelson and Leclair, 2006; Sills et al., 2008). 
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Figure 5.13. Maps of probability of factor of safety less than 1.5 during Hurricane Isaac: (a) at 
groundwater recharge peak (August 30, 2012), and (b) at groundwater discharge peak 
(September 2, 2012). 
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Salinization sand desalinization 
Surface-groundwater interactions in the MRD can fluctuate salinity in the groundwater system. 
River discharge to the groundwater system during flood months can reduce salinity in the 
sediments. However, the overwash process (Anderson, 2002; Terry and Falkland, 2010) associated 
with storms and hurricanes can bring saline water into the near-surface sediments. As a result, 
seawater intrusion to the groundwater system may harm vegetation, and result in wetland 
deterioration and elevation loss (Day et al., 2011; Shapouri et al., 2015). 
Sediment erosion 
High pore water pressure is one of the major mechanisms for enhancing sediment erosion by 
reducing effective stress in sediments (Robertson et al., 2007). This study has provided clear 
evidence that harmful high pore water pressure is likely to occur during and after hurricanes to 
destabilize sediments and enhance sediment erosion. Moreover, groundwater discharge associated 
with rapid drawdown of the surge water after hurricanes may also lead to momentary liquefaction 
(Sumer, 2002). 
5.6. Summary 
The major findings on the dynamics of groundwater flows in the Mississippi River delta (MRD) 
can be summarized as follows. 
(1) This study reveals the complexity of the MRD hydrogeological setting in the top 50 m. Silty 
and clayey sediments dominate the MRD and form top confining layers. Surficial sandy 
sediments form flow pathways to transport water between Mississippi River and bay water. 
Deep confined sands incised by the Mississippi River channel are main places where high pore 
water pressure is delivered from the river to the groundwater system. 
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(2) Groundwater discharge to and recharge from Mississippi River and the surrounding bays 
depend on local hydraulic gradient at the interfaces. The groundwater model estimated 
groundwater fluxes across the river and tide boundaries in the magnitude of 105-106 m3/day. 
Although this flow rate is three to four orders of magnitude less than Mississippi River 
discharge rate, groundwater dynamics is found to play an important role in the river-deltaic 
environment. 
(3) Dramatic groundwater head variation in the MRD can occur in sandy sediments and is closely 
associated with hydrologic events. Groundwater head is low and its distribution is relatively 
uniform across the MRD given a long pre-flood period. Low hydraulic gradient at the surface-
groundwater interfaces presents less interactions. A long flood season can elevate pore water 
pressure around the river, but does not impact much groundwater head underneath the 
surrounding bays. Severe tropical storms and hurricanes can significantly elevate groundwater 
head by storm surges across the MRD within a short period time. Hurricanes are the most 
damaging players, which can elevate pore water pressure 4 times or more higher than the 
normal condition within a few days. Groundwater recharge rate is at its peak during peak river 
and tide stages, but quickly drops and reverses to peak groundwater discharge rate a few days 
later after hurricanes pass. 
(4) A more harmful condition can be created a few days later after a hurricane passes. This study 
discovers that vertical hydraulic gradient can be reversed quickly once the receding surface 
waters removes the overburdens. The delayed groundwater response to receding surface waters 
can create high upward hydraulic gradient to shallow sediments. The harmful condition is 
characterized by the factor of safety (FS) less than 1.5. The study identifies many landside 
levee toes of the ring levees prone to have FS < 1.5 at peak river and tide stages during 
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Hurricane Isaac. A few days after surface waters recede, additional areas outside the ring levees 
show alarming factors of safety. 
(5) High pore water pressure and low factor of safety during hurricanes are the key concerns to 
coastal communities and infrastructures. High pore water pressure to infrastructures can be 
created by man-made dredging and scouring. High pore water pressure can reduce effective 
stress in sediments, weaken soil strength, destabilize sediments and enhance sediment erosion 
in coastal zones. 
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Chapter 6. Summary and Conclusions 
This dissertation investigated subsurface stratigraphy and groundwater dynamics in the 
Mississippi River Delta (MRD). Major research questions in this dissertation include: (1) How to 
utilize subsurface investigation data to construct and visualize 3-D stratigraphy models in the river-
deltaic environment? (2) How are sand, silt, clay, and organic sediments are distributed in the 
upper 50 m of the MRD? (3) Where do groundwater and surface water (river and bay waters) 
interact in the MRD? (4) What are the dynamics of groundwater in the MRD? (5) How do 
groundwater head and groundwater flow respond to flood, storm, and hurricane events? and (6) 
What roles do stratigraphy and groundwater play in subsidence, sediment erosion, and 
infrastructure safety? To answer the aforementioned questions, the following sub-studies have 
been conducted. 
Firstly, several stratigraphy models were constructed in the MRD using multiple types of 
subsurface investigation data. The subsurface investigation data includes: (1) sediment 
composition data from vibracoring survey; (2) soil index properties (w, LL, and PI) along with 
USCS sediment type data from geotechnical borings; and (3) cone tip resistance, sleeve resistance, 
and pore-water pressure measured from cone penetrometer test (CPT) soundings. Different spatial 
interpolation methods were adapted to regionalize the different types of data: compositional 
kriging for the sediment composition data, ordinary kriging for the soil index properties and CPT 
measurements data, and multiple indicator method for sediment type data.  
Secondly, a groundwater model was constructed in the MRD from the Head of Passes (RK 
0) to Jesuits Bend (RK 108).The groundwater model used a stratigraphy model as the structure. 
And river/tidal stages data were used to define boundary conditions, which reflect hydrologic 
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forcings (floods, storms, and hurricanes) to the groundwater system. The model was used to 
analyze dynamics of groundwater in MRD. 
Finally, the stratigraphy models and the groundwater model were used to analyze how 
stratigraphic setting and groundwater flow (or pore water pressure) affect subsidence, sediment 
erosion, and safety of hydraulic infrastructures such as levees and river diversion structures. Major 
findings from the research are summarized below. 
Geotechnical borings, CPT soundings, vibracores, and topobathymetric models provide 
vital data to characterize stratigraphic and topobathymetric features in the MRD. Compositional 
kriging, which extends ordinary kriging by a log-ratio transformation, is efficient in regionalizing 
spatial scattered sediment composition data. Ordinary kriging method is capable of regionalizing 
soil index properties (w, LL, and PI) and CPT measurements ( tnQ - rF , cq - fR , tQ - /s vof  ). The 
multiple indicator natural neighbor interpolation method is efficient in regionalizing categorical 
sediment type data retrieved from geotechnical borings. The stratigraphy models are intuitive for 
observing subsurface stratigraphy and comparing between different models. 
SBT correlation charts may not be universally applicable as the geological setting of the 
investigation sites varies by location and region. In general, Robertson et al. (1986) was found to 
better represent organic soils pervasive in coastal Louisiana compared to Robertson (2009) and 
Saye et al. (2017). To generate better SBT stratigraphy, USCS stratigraphy can be used as a 
guidance to adjust SBT chart where geostatistical methods can be used to facilitate this task. 
The MRD stratigraphy model reveals complex hydrogeological setting in the top 50 m of 
MRD. An about 10 m-thick silty clay layer blankets the MRD and is sometimes interlayered by 
sandy sediments. Sands are mostly abundant between -10 m and -35 m and are often in contact 
123 
 
with the deeply entrenched Mississippi River channel. Sandy deposits throughout the MRD 
provide pathways for the groundwater to interact with river and bay waters. 
Groundwater discharges/recharges from Mississippi River and surrounding bays, 
depending on local hydraulic gradient at the interfaces. The groundwater model estimated 
groundwater fluxes across the river and tide boundaries in the magnitude of 105-106 m3/day. 
Although this flow rate is three to four orders of magnitude less than the Mississippi River 
discharge rate, groundwater dynamics are found to play an important role in the river-deltaic 
environment. 
Dramatic groundwater head variation in the MRD can occur in sandy sediments and is 
closely associated with hydrologic events. Groundwater head is low and its distribution is 
relatively uniform across the MRD, when given a long pre-flood period. A low hydraulic gradient 
at the surface-groundwater interfaces presents less interactions. A long flood season can elevate 
pore water pressure around the river, but it does not impact much groundwater head underneath 
the surrounding bays. Severe tropical storms and hurricanes can significantly elevate groundwater 
head by storm surges across the MRD within a short period time. Hurricanes are the most 
damaging players, because they can elevate pore water pressure 4 times or more higher than the 
normal condition within a few days. Groundwater recharge rate is at its peak during peak river and 
tide stages, but quickly drops and reverses to peak groundwater discharge rate a few days after 
hurricanes pass. 
A more harmful condition can be created a few days after a hurricane passes. This study 
discovers that vertical hydraulic gradient can be reversed quickly once the receding surface waters 
removes the overburdens. The delayed groundwater response to receding surface waters can create 
high upward hydraulic gradient to shallow sediments. The harmful condition is characterized by 
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the factor of safety (FS) less than 1.5. The study identifies many landside levee toes of the ring 
levees prone to have FS < 1.5 at peak river and tide stages during Hurricane Isaac. A few days 
after surface waters recede, additional areas outside the ring levees show low factors of safety. 
High pore water pressure and low factor of safety during hurricanes are the key concerns 
to coastal communities and infrastructures. High pore water pressure to infrastructures can be 
created by man-made dredging and scouring. High pore water pressure can reduce effective stress 
in sediments, weaken soil strength, destabilize sediments and enhance sediment erosion in coastal 
zones. 
Consolidated clayey sediments near the surface of the MRD provide a protecting layer that 
buffers coastal reworking process. Breaking down of the protective layer, through natural and man-
made processes, could increase groundwater and surface water interaction. The interaction could 
destabilize sediment and worsen sediment erosion in the MRD.  
Sand compaction and expansion due to pore water pressure variation originating from the 
river dynamics is likely to be the cause of the observed vertical movement in the delta. However, 
a further study will be needed to quantify the magnitude. 
Suggestions for future research in subsurface stratigraphy and groundwater dynamics in 
the MRD are: 
 More subsurface investigation should be conducted in the interdistributary bays to have 
better control on the subsurface stratigraphy away from the trunk Mississippi River channel.  
 Piezometers and flow meters should be installed across the MRD to measure groundwater 
heads and groundwater flow rates. This data would benefit calibration of groundwater 
models and quantification of groundwater flow across the river deltaic system. Agencies 
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should collect groundwater data in the MRD region and make the dataset available for the 
public. Stakeholders should also be encouraged to monitor and report groundwater 
information. 
 A long-term groundwater model should be developed in MRD to evaluate how the 
groundwater system response to long-term changes in the hydrologic environments, for 
example longer flood season and sea-level rise.  
 A subsidence model should be developed upon the groundwater flow model to investigate 
how variations in pore water pressure affect vertical land movement in the MRD.  
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Appendix C. Data and Modeled Data in Chapter 2 and Chapter 3 
C.1. Data and modeled data in Chapter 2. 
# Data Name Related Figures Appendix Number or Access Link 
1 Vibracoring data Fig. 2-3, 4 Appendix D.1 
2 vtu grid Fig. 2-6, 7, 9, 10 
http://www.hydroshare.org/resource/aef559c
660454b76b3e413d0656d7b48 
3 Soil texture model Fig. 2-6, 7, 9, 10 
http://www.hydroshare.org/resource/aef559c
660454b76b3e413d0656d7b48 
 
C.2. Data and modeled data in Chapter 3. 
# Data Name Related Figures Appendix Number or Access Link 
1 w%, LL%, PI% data 
 
Fig. 3-2 Appendix D.2 
2 CPT measurements Fig. 3-2 http://www.hydroshare.org/resource/41
cc7a0548524d32bb87ece1c21b662b 
3 vtu grid for USCS model Fig. 3-7, 8 http://www.hydroshare.org/resource/41
cc7a0548524d32bb87ece1c21b662b 
4 vtu grid for SBT models Fig. 3-9, 10, 11, 
12, 13, 14 
http://www.hydroshare.org/resource/41
cc7a0548524d32bb87ece1c21b662b 
5 USCS  model Fig. 3-7, 8, 15 http://www.hydroshare.org/resource/41
cc7a0548524d32bb87ece1c21b662b 
6 Robertson et al. (1986) model Fig. 3-9, 10, 15 http://www.hydroshare.org/resource/41
cc7a0548524d32bb87ece1c21b662b 
7 Robertson et al. (1990, 2009) 
model 
Fig. 3-11, 12, 
15 
http://www.hydroshare.org/resource/41
cc7a0548524d32bb87ece1c21b662b 
8 Saye et al. (2017) model-1 Fig. 3-13, 14, 
15 
http://www.hydroshare.org/resource/41
cc7a0548524d32bb87ece1c21b662b 
9 Saye et al. (2017) model -2 Fig. 3-16 http://www.hydroshare.org/resource/41
cc7a0548524d32bb87ece1c21b662b 
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Appendix D. Raw Data Used in Chapters 
D.1. Vibracoring data used in Chapter 2 
Vibracoring data in Lower Barataria Bay and Lower Breton Sound in Chapter 2 were collected by 
LSU Coastal Studies Institute through projects funded by the Louisiana Coastal Protection and 
Restoration Authority through The Water Institute of the Gulf under project award numbers 
CPRA-2013-T11-SB02-DR, CPRA-2013-TO15-SB02-MA and CPRA-2013-TO16-SB02-MA. 
Part of the soil composition dataset is documented in: 
Johnson, C., Chen, Q., Karimpour, A., Bentley, S., White, C., Xu, K. and Wang, J., 2015. 
Geological and geotechnical characterization of coastal marshes in the Mississppi River Delta. 
Proceedings of the Coastal Sediments 2015. 
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D.1.1. Locations of cores in the Lower Barataria Bay and Lower Breton Sound 
Core Latitude Longitude UTM-X (m) UTM-Y (m) Datum (cm) 
BRET01 29.48405 -89.5955 830139 3266450 26 
BRET03 29.51207 -89.5996 829655 3269540 29 
BRET04 29.52122 -89.5959 829986 3270570 30 
BRET05 29.51628 -89.6136 828283 3269970 30 
BRET06 29.48758 -89.6339 826405 3266730 0 
BRET09 29.50893 -89.6423 825526 3269080 0 
BRET10 29.51513 -89.6331 826399 3269790 30 
BRET11 29.51493 -89.6501 824747 3269720 27 
BRET15 29.51792 -89.6647 823317 3270010 4 
BRET16 29.52688 -89.6852 821306 3270950 0 
BRET17 29.54892 -89.6835 821402 3273390 16 
BRET20 29.54308 -89.6145 828113 3272940 0 
BRET21 29.5599 -89.7063 819156 3274550 3 
BRET24 29.57328 -89.6553 824053 3276170 30 
BARA07 29.48337 -89.8316 807233 3265720 30 
BARA08 29.4837 -89.7826 811991 3265890 30 
BARA09 29.4834 -89.7666 813540 3265900 30 
BARA10 29.4832 -89.7499 815165 3265920 30 
BARA11 29.4832 -89.7324 816859 3265970 30 
BARA12 29.4943 -89.7417 815922 3267180 30 
BARA14 29.5001 -89.7662 813527 3267750 0 
BARA15 29.49942 -89.7495 815157 3267720 21 
BARA16 29.50155 -89.8155 808745 3267780 30 
BARA17 29.51328 -89.7699 813132 3269210 30 
BARA18 29.5173 -89.8149 808759 3269530 14 
BARA19 29.51643 -89.7999 810208 3269480 30 
BARA20 29.51713 -89.7835 811796 3269600 5 
BARA21 29.52488 -89.7915 810998 3270430 7 
BARA22 29.53328 -89.816 808603 3271300 8 
BARA23 29.53442 -89.7978 810360 3271470 5 
BARA24 29.54185 -89.8407 806176 3272190 21 
BARA25 29.54345 -89.8254 807656 3272400 0 
(UTM Zone: 15 N) 
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D.1.2. Sediment composition data in the Lower Barataria Bay 
Core Depth (cm) Clay % Silt % Sand % 
BARA07 25 22.64667 43.90983 33.44349 
BARA07 50 3.584309 38.36784 58.04784 
BARA07 60 21.65122 48.92801 29.4208 
BARA07 75 23.40083 56.01019 20.58898 
BARA07 90 32.07063 55.70793 12.22146 
BARA07 100 23.04403 59.32819 17.6278 
BARA07 125 29.67055 55.71216 14.61728 
BARA07 150 24.65457 55.59123 19.7542 
BARA07 175 29.72437 59.6237 10.65196 
BARA07 175 28.75375 59.3264 11.91986 
BARA07 200 18.20806 64.26973 17.52219 
BARA07 225 12.65585 70.43194 16.91221 
BARA07 250 19.86947 64.17271 15.95781 
BARA07 275 13.73359 62.06682 24.1996 
BARA07 300 14.79002 64.51341 20.6966 
BARA07 325 13.97918 64.14465 21.87616 
BARA07 350 16.15879 65.2098 18.6314 
BARA07 375 16.11703 63.89183 19.99114 
BARA07 400 12.54772 62.05242 25.39987 
BARA08 50 5.281942 30.45035 64.26772 
BARA08 100 35.59051 52.58033 11.82914 
BARA08 150 9.766347 57.40072 32.83292 
BARA08 200 20.99479 56.65771 22.3475 
BARA08 250 43.13491 45.91718 10.94792 
BARA08 300 8.895815 42.20786 48.89636 
BARA08 350 15.02624 67.90992 17.06384 
BARA08 400 41.36652 43.25004 15.38346 
BARA09 25 23.57147 47.39209 29.03645 
BARA09 50 4.65099 41.91128 53.4377 
BARA09 75 9.249731 49.01557 41.73471 
BARA09 100 7.975248 52.55923 39.46554 
BARA09 125 8.025309 51.19167 40.78304 
BARA09 149 17.04279 52.51903 30.43815 
BARA09 150 23.82727 46.97189 29.20079 
BARA09 200 24.8175 51.29592 23.88653 
BARA09 225 29.82283 49.42736 20.74981 
BARA09 250 46.74326 42.26917 10.9876 
BARA09 300 19.03694 58.66971 22.29333 
BARA09 325 38.10736 26.44196 35.45068 
BARA09 350 52.67385 39.74642 7.579714 
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BARA09 375 49.80869 34.47521 15.71608 
BARA09 400 52.73058 37.05475 10.21469 
BARA09 425 37.46705 53.75132 8.781633 
BARA10 50 10.81215 59.73745 29.45041 
BARA10 100 28.5624 37.12329 34.31433 
BARA10 150 10.14035 37.65964 52.2 
BARA10 200 35.7072 45.40248 18.89033 
BARA10 250 39.46432 49.84578 10.68992 
BARA10 300 41.33954 47.15443 11.50603 
BARA10 350 31.70601 53.69333 14.60066 
BARA10 400 32.49789 40.07474 27.4274 
BARA11 25 16.51636 35.29523 48.18843 
BARA11 50 16.91725 27.42615 55.65657 
BARA11 75 16.14063 27.30416 56.55521 
BARA11 100 31.77199 28.84651 39.3815 
BARA11 125 32.34426 47.44885 20.20687 
BARA11 150 9.401057 58.65426 31.94469 
BARA11 175 20.40718 59.17659 20.41624 
BARA11 200 32.95356 55.14557 11.90087 
BARA11 225 10.77265 29.97788 59.24949 
BARA11 250 4.644182 23.30789 72.04793 
BARA11 275 15.22558 60.41351 24.36088 
BARA11 300 5.668819 47.57504 46.75615 
BARA11 325 28.09574 61.16325 10.74103 
BARA11 350 40.68609 41.15022 18.16367 
BARA11 375 16.66549 64.51735 18.81718 
BARA11 400 30.31514 51.78432 17.90055 
BARA11 425 32.13469 55.69568 12.1696 
BARA11 450 36.41317 46.03914 17.5477 
BARA11 475 41.13423 31.22637 27.6394 
BARA11 500 35.30803 43.34416 21.34779 
BARA12 25 11.63962 25.29804 63.06234 
BARA12 50 16.35847 31.70738 51.93415 
BARA12 76 11.63596 26.47035 61.89369 
BARA12 100 41.18749 20.45093 38.36157 
BARA12 125 36.37158 31.75875 31.86966 
BARA12 150 35.2894 26.1608 38.5498 
BARA12 175 30.58202 56.26795 13.15006 
BARA12 200 26.41708 36.19579 37.38715 
BARA12 225 13.73033 44.45106 41.8186 
BARA12 250 8.208302 51.77737 40.01434 
BARA12 275 2.904258 22.49084 74.60491 
BARA12 300 2.206668 9.039151 88.75426 
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BARA12 325 4.146338 11.85823 83.99541 
BARA12 350 14.12718 22.57128 63.30155 
BARA12 375 2.710285 20.72607 76.56363 
BARA12 400 1.95614 9.109829 88.93404 
BARA12 425 2.324473 11.31046 86.3651 
BARA12 450 1.883417 11.90361 86.21297 
BARA14 50 38.20322 49.58265 12.21412 
BARA14 100 60.72206 36.67955 2.598389 
BARA14 150 25.06742 71.10657 3.826036 
BARA14 200 16.48029 79.85922 3.660505 
BARA14 250 10.32125 42.40318 47.27559 
BARA14 300 12.56174 77.15011 10.28816 
BARA14 350 24.59277 67.56585 7.84137 
BARA14 400 22.5084 72.20216 5.289427 
BARA14 450 22.1478 67.6388 10.21341 
BARA15 25 30.99041 61.22052 7.789095 
BARA15 50 32.265 41.13107 26.60392 
BARA15 75 38.62636 51.66682 9.706826 
BARA15 100 45.21815 51.07112 3.71074 
BARA15 125 39.83871 55.6855 4.475782 
BARA15 150 28.36591 66.1774 5.456706 
BARA15 175 20.79917 69.99322 9.207634 
BARA15 200 25.92106 68.78863 5.290354 
BARA15 225 22.86236 65.13431 12.00331 
BARA15 250 23.4603 69.70736 6.832324 
BARA15 275 15.87315 61.32747 22.79936 
BARA15 300 14.11483 57.51161 28.37354 
BARA15 325 24.30436 64.80363 10.89203 
BARA15 350 22.35825 68.80487 8.836896 
BARA15 375 15.81679 62.81362 21.36959 
BARA15 400 23.95298 69.56106 6.485977 
BARA15 413 21.38289 60.3509 18.26624 
BARA16 25 37.68359 57.79374 4.522675 
BARA16 50 7.135437 44.65951 48.20505 
BARA16 75 18.94724 42.87153 38.18124 
BARA16 100 63.88772 33.33229 2.780002 
BARA16 125 47.42121 52.53059 0.048196 
BARA16 150 24.79981 70.05739 5.142811 
BARA16 175 21.54935 68.08978 10.36089 
BARA16 200 28.68802 65.0847 6.227302 
BARA16 225 31.20326 56.55122 12.24552 
BARA16 250 25.43389 66.67135 7.894751 
BARA16 275 27.25499 59.97165 12.77335 
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BARA16 300 39.27998 54.05665 6.663352 
BARA16 325 22.12383 56.35593 21.52024 
BARA16 350 37.02925 55.75147 7.219274 
BARA16 375 32.21112 61.75454 6.034358 
BARA16 400 43.28555 54.98854 1.72592 
BARA17 25 33.21359 40.75594 26.03047 
BARA17 50 20.07926 34.31739 45.60333 
BARA17 100 26.23303 36.30489 37.46207 
BARA17 125 30.98607 60.96993 8.044028 
BARA17 150 52.46282 44.16994 3.367237 
BARA17 175 18.80636 66.09657 15.09706 
BARA17 200 24.52495 55.5669 19.90812 
BARA17 225 27.49596 64.66602 7.838057 
BARA17 250 34.88683 60.4784 4.634757 
BARA17 275 20.71284 66.53983 12.74735 
BARA17 300 33.78514 57.74817 8.466665 
BARA17 325 26.14802 64.90429 8.947681 
BARA17 350 20.21942 66.135 13.64559 
BARA17 375 52.72287 43.91923 3.357898 
BARA17 400 49.064 47.86176 3.074243 
BARA17 425 50.52165 45.35612 4.122211 
BARA18 50 8.490304 44.12197 47.38771 
BARA18 100 23.7608 60.66992 15.56929 
BARA18 150 33.17531 52.66269 14.16195 
BARA18 200 15.49709 69.73377 14.76915 
BARA18 250 10.77061 62.22595 27.00343 
BARA18 300 31.63519 60.20989 8.154919 
BARA18 350 28.97808 53.5037 17.51821 
BARA18 400 13.20238 66.75367 20.04395 
BARA18 450 29.77368 58.73394 11.49238 
BARA19 100 55.62977 43.97694 0.393326 
BARA19 125 22.17021 71.43086 6.398925 
BARA19 150 33.22926 57.37269 9.398073 
BARA19 175 29.96922 64.66923 5.361561 
BARA19 200 22.28791 65.05133 12.66077 
BARA19 225 29.37567 70.14974 0.474588 
BARA19 250 21.23896 66.78333 11.97772 
BARA19 275 16.95185 73.87489 9.173259 
BARA19 300 31.38125 65.83074 2.788016 
BARA19 325 27.62157 49.33094 23.04751 
BARA19 350 18.69387 74.62232 6.683795 
BARA19 400 50.39661 44.63682 4.966541 
BARA19 414 32.92949 48.34826 18.72225 
156 
 
BARA19 575 34.92655 60.4771 4.596301 
BARA20 50 26.88082 47.58435 25.53484 
BARA20 100 29.56852 43.77433 26.65715 
BARA20 150 19.2616 63.64173 17.09666 
BARA20 200 17.63546 63.96077 18.40379 
BARA20 250 19.10944 63.60603 17.28454 
BARA20 300 37.46701 56.20435 6.328659 
BARA20 350 24.80396 60.64562 14.55043 
BARA20 400 51.84871 44.82864 3.322682 
BARA20 450 56.28852 40.88136 2.830119 
BARA21 25 36.12584 50.87882 12.99535 
BARA21 50 13.56505 42.47341 43.96153 
BARA21 75 24.32339 45.02563 30.65098 
BARA21 100 43.04924 31.5118 25.43897 
BARA21 125 61.50528 32.74304 5.751697 
BARA21 175 41.19486 51.74159 7.063558 
BARA21 200 53.82824 42.70071 3.471045 
BARA21 225 9.929194 48.94874 41.12209 
BARA21 250 25.61666 57.02025 17.3631 
BARA21 275 33.04544 47.85712 19.09744 
BARA21 300 26.95305 55.95663 17.09035 
BARA21 325 15.77744 73.26951 10.95305 
BARA21 350 21.68415 62.862 15.45388 
BARA21 375 21.10297 65.70926 13.18771 
BARA21 400 15.71433 76.29643 7.989255 
BARA21 425 17.88578 64.06203 18.0522 
BARA22 50 5.822452 37.28113 56.89643 
BARA22 100 39.60124 59.12751 1.27126 
BARA22 150 16.36121 64.97327 18.66549 
BARA22 200 20.20936 50.92195 28.86871 
BARA22 250 16.08983 66.99438 16.91576 
BARA22 300 13.75634 72.66846 13.57519 
BARA22 350 13.71077 71.93368 14.35553 
BARA22 400 23.84283 60.07814 16.07902 
BARA23 25 15.90355 31.62279 52.47365 
BARA23 75 16.17122 30.2402 53.58858 
BARA23 100 7.291786 30.75442 61.95381 
BARA23 125 16.22103 30.0768 53.70217 
BARA23 150 32.72499 28.88871 38.38634 
BARA23 175 63.15636 34.92815 1.915474 
BARA23 200 29.15588 62.47349 8.37062 
BARA23 225 7.350371 55.01302 37.63663 
BARA23 250 12.46769 71.74108 15.79124 
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BARA23 275 8.495266 73.34255 18.16221 
BARA23 300 16.53444 69.61299 13.8526 
BARA23 325 7.012371 72.9154 20.07226 
BARA23 350 9.121825 75.26276 15.6154 
BARA23 375 15.51885 66.57204 17.90912 
BARA23 400 18.74225 66.11026 15.14746 
BARA23 425 14.75469 75.72332 9.521979 
BARA24 50 15.81033 81.92753 2.262152 
BARA24 100 29.14015 44.57043 26.28942 
BARA24 150 31.83309 67.09009 1.07681 
BARA24 200 24.40513 59.64391 15.95098 
BARA24 250 16.40618 62.53061 21.06322 
BARA24 300 22.75475 59.98854 17.25668 
BARA25 25 16.5105 45.45983 38.02967 
BARA25 50 25.47654 58.55619 15.9673 
BARA25 75 19.70877 69.56669 10.72452 
BARA25 100 14.8575 67.99451 17.14798 
BARA25 125 15.28404 68.17406 16.54191 
BARA25 150 15.92674 67.88789 16.18536 
BARA25 175 11.40789 68.47687 20.11523 
BARA25 200 14.64241 65.95998 19.39763 
BARA25 225 16.92358 69.5868 13.4896 
BARA25 275 8.325606 64.59938 27.075 
BARA25 300 37.65144 60.82524 1.523304 
BARA25 325 5.911834 47.46103 46.62713 
BARA25 350 16.94298 60.55704 22.49998 
BARA25 375 10.1331 71.75071 18.11621 
BARA25 400 10.14168 64.36089 25.49744 
BARA25 425 20.95073 65.63984 13.40942 
BARA25 449 26.09131 55.43464 18.47405 
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D.1.3. Sediment composition data in the Lower Breton Sound 
Data source: Wang*, J., Xu, K.H., Bentley, S.J., White, C., Zhang, X., Liu, H., 2019. 
Degradation of the plaquemines sub-delta and relative sea-level in eastern Mississippi deltaic 
coast during late holocene, Estuarine, Coastal and Shelf Science, 106344. 
https://doi.org/10.1016/j.ecss.2019.106344. 
Core Depth (cm) Clay % Silt % Sand % 
BRET01 0 30.05679 50.17474 19.76848 
BRET01 20 33.32615 51.28887 15.38496 
BRET01 40 39.03257 49.37745 11.59 
BRET01 60 34.68106 50.59739 14.72151 
BRET01 80 26.33613 50.33705 23.32684 
BRET01 100 24.19582 60.10754 15.69666 
BRET01 120 12.77412 61.25356 25.97237 
BRET01 140 46.24648 46.16781 7.585699 
BRET01 160 18.60858 16.056 65.3354 
BRET01 160 60.04508 32.71051 7.244428 
BRET01 180 37.02574 54.98924 7.985004 
BRET01 200 23.58103 55.19487 21.22409 
BRET01 220 16.10491 64.99639 18.89868 
BRET01 240 16.42065 58.60017 24.97916 
BRET01 260 2.98967 9.837224 87.17319 
BRET01 280 3.813618 37.30233 58.88405 
BRET01 300 2.13755 6.821971 91.0406 
BRET01 320 43.28813 49.58458 7.127277 
BRET01 327 35.74446 61.38322 2.872334 
BRET01 331 37.05846 54.05161 8.889962 
BRET01 340 11.35414 56.03516 32.61074 
BRET01 360 15.89806 56.32573 27.77623 
BRET01 380 18.70539 66.24808 15.04652 
BRET01 394 44.0835 48.86609 7.050393 
BRET03 0 5.976836 21.68191 72.34126 
BRET03 20 10.48002 32.98262 56.53736 
BRET03 40 15.86078 43.23708 40.90214 
BRET03 60 18.91702 57.73403 23.34897 
BRET03 80 21.66531 45.92714 32.40757 
BRET03 100 30.97373 39.44818 29.57806 
BRET03 120 43.55901 50.23494 6.206048 
BRET03 140 22.24515 66.78557 10.96927 
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BRET03 160 13.44931 50.90328 35.64741 
BRET03 180 34.59619 49.69336 15.71046 
BRET03 200 25.99895 44.82644 29.17462 
BRET03 220 26.88888 55.77821 17.33287 
BRET03 225 19.87952 50.94091 29.17958 
BRET03 240 28.33446 59.4571 12.20844 
BRET03 260 10.20767 25.39535 64.39698 
BRET03 280 39.60585 55.70958 4.684578 
BRET03 300 40.13377 50.43743 9.428782 
BRET03 320 48.48868 46.44269 5.068644 
BRET03 340 15.826 78.12392 6.050055 
BRET03 360 34.89077 62.73011 2.379115 
BRET03 380 38.43086 51.59116 9.977966 
BRET03 410 24.51468 67.72509 7.760221 
BRET04 0 21.56086 42.78991 35.64926 
BRET04 20 29.64628 47.52485 22.82887 
BRET04 40 25.94724 49.44711 24.60567 
BRET04 60 13.01047 57.15085 29.83864 
BRET04 80 1.871538 39.49997 58.6285 
BRET04 100 21.20016 53.04013 25.75974 
BRET04 120 44.47601 45.98158 9.542399 
BRET04 140 25.82081 63.91881 10.26038 
BRET04 160 26.54251 59.57087 13.88664 
BRET04 180 28.57889 58.27367 13.14741 
BRET04 200 38.03179 59.14331 2.824903 
BRET04 220 1.331408 6.116441 92.55216 
BRET04 240 9.372831 35.46185 55.16531 
BRET04 244 12.46068 36.4262 51.11312 
BRET04 260 8.870935 46.8827 44.24637 
BRET04 260 12.52935 63.67714 23.7935 
BRET04 260 9.231201 51.94371 38.82509 
BRET04 280 18.90955 50.35758 30.73286 
BRET04 300 17.52446 64.91949 17.55605 
BRET04 312 51.26005 38.21191 10.52802 
BRET05 0 8.522573 40.7988 50.67862 
BRET05 160 20.22622 59.47047 20.30332 
BRET05 180 14.87439 52.4869 32.63875 
BRET05 198 13.69973 69.96013 16.34015 
BRET05 200 7.729315 59.9867 32.284 
BRET05 220 12.95357 60.19252 26.8539 
BRET05 240 25.4134 56.85545 17.73114 
BRET05 244 37.34315 55.10326 7.553588 
BRET05 250 38.66413 54.1585 7.177322 
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BRET05 260 6.251891 23.61919 70.12895 
BRET05 269 36.99643 42.87439 20.12916 
BRET05 280 3.456176 16.2114 80.33243 
BRET05 290 45.25983 46.6301 8.110042 
BRET05 300 37.41016 50.71026 11.87958 
BRET06 0 28.23849 51.15805 20.60344 
BRET06 20 1.652263 48.28261 50.06513 
BRET06 40 1.872219 51.3715 46.75628 
BRET06 60 34.37049 53.3048 12.32469 
BRET06 80 7.283973 53.20348 39.51254 
BRET06 100 49.58445 32.68937 17.72619 
BRET06 112 46.60582 45.53934 7.854831 
BRET06 120 30.33658 59.67498 9.988445 
BRET06 140 16.9198 63.02713 20.05308 
BRET06 160 17.23661 61.8847 20.87867 
BRET06 180 10.45992 54.95576 34.58431 
BRET06 190 39.81342 54.39374 5.792843 
BRET06 200 22.19113 68.73274 9.076159 
BRET06 220 33.1745 58.28151 8.54399 
BRET06 240 24.2304 58.96414 16.80548 
BRET06 260 33.50263 55.23016 11.26721 
BRET06 280 21.20349 69.73257 9.06392 
BRET06 300 31.55932 60.7905 7.650223 
BRET06 320 35.37148 57.34822 7.280323 
BRET06 340 31.90574 54.7498 13.34449 
BRET09 0 8.591717 31.97327 59.43503 
BRET09 20 24.25166 58.17397 17.57438 
BRET09 60 35.78048 48.17783 16.0417 
BRET09 80 24.99999 48.42697 26.57305 
BRET09 100 12.53717 45.60927 41.85358 
BRET09 120 41.73347 36.70595 21.56059 
BRET09 130 50.50145 34.8688 14.62976 
BRET09 160 19.02412 62.0492 18.92667 
BRET09 180 15.22841 58.34168 26.4299 
BRET09 200 28.08171 56.8263 15.09196 
BRET09 210 36.24255 50.3337 13.42373 
BRET09 220 18.98379 64.14709 16.86911 
BRET09 240 17.44842 62.61714 19.93446 
BRET09 260 2.710851 8.660363 88.62862 
BRET09 280 20.41912 54.2568 25.32406 
BRET09 300 14.02844 66.9477 19.02384 
BRET10 0 12.17516 47.71131 40.11355 
BRET10 20 16.85694 27.05843 56.08465 
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BRET10 40 11.47964 49.95489 38.56546 
BRET10 80 32.54306 53.652 13.80494 
BRET10 100 4.619649 62.33502 33.04535 
BRET10 120 9.84926 58.72102 31.42969 
BRET10 140 16.8479 62.29253 20.85956 
BRET10 160 2.545166 9.505528 87.94922 
BRET10 180 5.468716 21.73904 72.79225 
BRET10 200 16.47475 65.77409 17.75117 
BRET10 220 35.86189 52.01358 12.12451 
BRET10 240 24.25338 56.14492 19.6017 
BRET10 260 15.89924 52.25738 31.84337 
BRET10 280 28.93435 50.64861 20.41702 
BRET10 300 46.08986 39.7341 14.17603 
BRET10 320 10.2994 80.80984 8.890755 
BRET10 340 22.62557 63.63978 13.73467 
BRET10 360 18.3828 73.14644 8.470749 
BRET10 380 42.28188 55.15759 2.560527 
BRET10 380 37.28593 51.53453 11.17958 
BRET10 390 15.98571 64.70249 19.31182 
BRET11 0 24.99855 48.72726 26.27418 
BRET11 20 21.07121 48.01666 30.91213 
BRET11 40 29.89476 53.53819 16.56704 
BRET11 60 22.88557 58.69032 18.42414 
BRET11 80 28.63711 59.74388 11.61904 
BRET11 120 24.95889 66.24663 8.79448 
BRET11 140 34.6515 47.76093 17.58756 
BRET11 150 7.902046 48.14209 43.95586 
BRET11 160 32.75771 55.71307 11.5292 
BRET11 180 16.58944 67.84935 15.56117 
BRET11 220 2.457902 6.736479 90.8056 
BRET11 240 2.295797 6.136795 91.56739 
BRET11 260 2.43934 7.238038 90.32261 
BRET11 280 9.088537 41.75817 49.15329 
BRET11 300 42.42866 49.82653 7.744825 
BRET11 309 22.94593 65.38807 11.66601 
BRET11 320 50.87043 44.31109 4.818485 
BRET11 340 20.76695 56.70005 22.53302 
BRET11 350 47.68858 42.72555 9.585853 
BRET11 360 22.46862 64.25725 13.27415 
BRET11 380 18.02768 72.13364 9.838686 
BRET11 400 40.46852 52.40443 7.127052 
BRET11 420 26.90478 62.30699 10.78826 
BRET11 440 33.08961 55.61519 11.29516 
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BRET11 450 40.33796 53.23607 6.425952 
BRET11 460 39.19991 52.09969 8.700375 
BRET15 0 22.24146 39.99524 37.76331 
BRET15 20 47.86876 43.64914 8.482074 
BRET15 60 22.18677 52.50726 25.30593 
BRET15 80 24.79918 53.49017 21.71065 
BRET15 90 28.45513 59.54131 12.00356 
BRET15 112 39.88784 41.89157 18.22058 
BRET15 120 46.72906 48.93252 4.338429 
BRET15 140 15.82594 40.66518 43.5089 
BRET15 180 5.184924 17.97111 76.84396 
BRET15 200 2.403571 5.377346 92.21901 
BRET15 220 2.471018 5.47737 92.05172 
BRET15 240 38.86969 52.9585 8.171806 
BRET15 260 4.025316 17.94748 78.0272 
BRET15 280 39.48598 50.93754 9.576464 
BRET15 287 16.78338 67.06151 16.15509 
BRET15 293 49.05941 37.94739 12.99321 
BRET15 300 18.9292 61.36952 19.70128 
BRET16 10 25.48429 59.19224 15.32346 
BRET16 20 17.72955 68.80632 13.46417 
BRET16 40 33.90085 49.73623 16.36291 
BRET16 60 34.11566 52.55095 13.33334 
BRET16 80 19.65008 61.77547 18.57444 
BRET16 100 29.92676 62.49135 7.581919 
BRET16 120 28.27802 65.89359 5.828392 
BRET16 140 24.88912 67.3098 7.801119 
BRET16 160 35.66601 45.75417 18.57985 
BRET16 180 34.846 47.2163 17.93771 
BRET16 196 50.24601 41.80519 7.948777 
BRET16 220 40.54642 54.06535 5.388167 
BRET16 240 42.79426 48.57362 8.632154 
BRET16 260 31.75321 54.24214 14.00464 
BRET16 280 26.80676 62.35812 10.83511 
BRET16 300 31.1875 58.97184 9.840652 
BRET16 310 49.6228 42.08706 8.290143 
BRET16 320 13.83352 51.36906 34.79744 
BRET16 340 2.80215 10.6122 86.58558 
BRET16 360 12.30487 56.25409 31.44102 
BRET16 367 46.16568 45.02881 8.805515 
BRET16 380 56.86274 41.6664 1.470837 
BRET16 400 30.92745 63.30842 5.764112 
BRET16 420 36.18608 56.68106 7.132859 
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BRET16 440 19.83661 69.73347 10.42994 
BRET16 440 19.20945 68.91101 11.87955 
BRET16 460 48.79697 44.66407 6.538949 
BRET16 480 40.13317 50.30089 9.565936 
BRET16 500 28.81916 59.03486 12.14598 
BRET16 509 30.98178 53.471 15.54719 
BRET17 0 11.87255 34.1479 53.97957 
BRET17 20 27.64856 54.42 17.93148 
BRET17 40 34.09009 52.14568 13.76425 
BRET17 60 29.52488 48.82852 21.64659 
BRET17 80 36.14227 38.21678 25.64094 
BRET17 100 36.9566 49.17418 13.86923 
BRET17 120 32.33306 51.8957 15.77125 
BRET17 140 42.44632 47.92395 9.629739 
BRET17 160 22.12138 36.96883 40.9098 
BRET17 180 46.17927 44.29518 9.525545 
BRET17 200 30.77551 55.13137 14.09312 
BRET17 220 24.81948 59.05233 16.1282 
BRET17 240 18.01637 65.50314 16.48053 
BRET17 260 18.7124 64.10451 17.18311 
BRET17 280 14.89141 60.7744 24.3342 
BRET17 300 29.38343 62.66552 7.951065 
BRET17 320 5.238119 19.50086 75.26103 
BRET17 330 36.60907 51.96198 11.42898 
BRET17 340 19.09369 67.36165 13.54464 
BRET17 340 23.69175 64.83447 11.47384 
BRET17 360 57.23488 38.52053 4.244573 
BRET17 380 40.03515 52.1821 7.782782 
BRET17 400 15.86543 73.9554 10.17917 
BRET17 420 34.59918 59.80197 5.598857 
BRET17 440 67.42953 26.54382 6.026642 
BRET17 452 46.39662 46.31044 7.292942 
BRET20 0 13.85853 54.35964 31.78184 
BRET20 20 44.49393 48.2052 7.300828 
BRET20 40 27.40667 49.82591 22.76742 
BRET20 60 21.52959 49.21029 29.26012 
BRET20 80 33.28449 44.85893 21.85656 
BRET20 100 48.58522 44.40221 7.012562 
BRET20 120 39.11352 50.4868 10.39966 
BRET20 140 23.74447 64.73215 11.52337 
BRET20 160 27.69315 48.89642 23.41043 
BRET20 180 5.503985 20.87591 73.62011 
BRET20 200 18.02944 62.69964 19.27094 
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BRET20 220 15.15445 49.22183 35.62373 
BRET20 240 24.70528 61.599 13.69572 
BRET20 260 12.09714 69.23407 18.66881 
BRET20 300 18.10258 72.40162 9.495771 
BRET20 320 21.18246 67.04619 11.77132 
BRET20 340 38.40697 55.09968 6.493388 
BRET20 360 38.59935 50.92037 10.48028 
BRET20 380 33.7505 51.7735 14.47604 
BRET20 400 47.42041 43.6216 8.958005 
BRET20 420 23.48028 59.10995 17.40975 
BRET20 440 51.43362 41.08794 7.478467 
BRET20 460 31.95649 59.38384 8.65967 
BRET20 480 47.8889 45.84449 6.266587 
BRET21 0 6.999683 28.99486 64.00548 
BRET21 40 34.54243 51.16339 14.2942 
BRET21 62 34.67228 54.22061 11.10712 
BRET21 80 32.16573 51.49705 16.3372 
BRET21 100 30.90391 56.24835 12.84772 
BRET21 120 27.48891 50.23536 22.27575 
BRET21 140 11.84841 53.36007 34.79148 
BRET21 160 42.67385 50.70395 6.622188 
BRET21 180 43.31513 50.57687 6.108021 
BRET21 200 49.2114 46.79934 3.989259 
BRET21 220 43.73762 49.11192 7.15047 
BRET21 240 21.67852 64.07169 14.24979 
BRET21 250 11.36805 41.6805 46.95145 
BRET21 270 3.519808 18.83069 77.64951 
BRET21 290 15.99841 61.41099 22.59061 
BRET21 320 18.28918 59.54964 22.1612 
BRET21 340 17.37052 53.60919 29.02027 
BRET21 360 29.98922 63.82004 6.190717 
BRET21 380 30.04724 53.47238 16.48038 
BRET21 400 8.582725 50.23682 41.18044 
BRET21 420 22.22094 54.90673 22.87231 
BRET21 440 21.17961 70.7526 8.067757 
BRET21 460 29.39308 58.72381 11.88313 
BRET21 480 52.79544 40.68627 6.518292 
BRET24 300 2.666998 9.993582 87.33942 
BRET24 320 13.40989 50.80136 35.78873 
BRET24 340 14.50516 53.19371 32.30114 
BRET24 350 50.68275 41.62082 7.696406 
BRET24 360 18.37053 73.21645 8.413015 
BRET24 370 29.27955 64.35442 6.366003 
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BRET24 376 15.91367 64.88445 19.20187 
BRET24 380 42.02028 47.4116 10.56814 
BRET24 400 23.82048 65.93925 10.24028 
BRET24 420 23.41168 66.89422 9.694113 
BRET24 440 35.81956 57.4297 6.750718 
BRET24 460 20.46077 62.86416 16.67505 
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D.2. Geotechnical boring index properties (w%, LL%, PI%) data 
Data below were collected from the report of Fugro, Inc., (2012). Geotechnical Data Report, Inner 
Harbor Navigational Canal East Bank Industrial Area (IHNC-EBIA) field and laboratory testing 
program New Orleans, Louisiana. Fugro Report No. 04.57114007, 1-35. 
# Latitude Longitude Datum  # Latitude Longitude Datum 
BOR-01 29.9697 -90.024 -0.1  BOR-02 29.9695 -90.024 1.3 
Depth (ft) w% L% PI%  Depth (ft) w% L% PI% 
3 50 73 46  3 50 73 46 
5 46    5 46 
  
6 75 80 54  6 75 80 54 
7 63    7 63 
  
16 110 139 105  16 110 139 105 
17 300    17 300 
  
18 230 217 164  18 230 217 164 
19 119    19 119 
  
20 49    20 49 
  
21 34    21 34 
  
22 39    22 39 
  
23 43    23 43 
  
24 50 64 41  24 50 64 41 
25 56    25 56 
  
26 45    26 45 
  
27 55 75 51  27 55 75 51 
28 45    28 45 
  
29 46    29 46 
  
30 62 87 59  30 62 87 59 
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# Latitude Longitude Datum  # Latitude Longitude Datum 
BOR-03 29.9694 -90.023 -3.2  BOR-04 29.9715 -90.023 1 
Depth (ft) w% L% PI%  Depth (ft) w% L% PI% 
1 28    1 46 
  
4 56 43 26  2 50 
  
6 70    3 44 75 48 
10 121 197 150  4 62 
  
11 277 255 186  5 80 
  
12 178 234 191  6 83 107 82 
14 286 317 186  7 74 
  
15 174 201 172  8 65.5 
  
16 92    9 57 88 60 
19 37 34 13  10 59 
  
21 49 63 40  11 72 
  
22 60    12 80.5 133 106 
23 41    13 89 133 106 
25 66 47 26  14 104 
  
26 43    15 146 175 132 
27 50 64 42  16 108 
  
29 68    17 262 
  
30 49 58 36  18 245 270 225 
     19 152 
  
     20 152 
  
     21 59 70 46 
     22 41 38 12 
     23 51 34 13 
     24 51.5 41 19.5 
     25 52 48 26 
     26 60 
  
     27 47 42 18 
     28 62 
  
     29 51 
  
     30 41 42 14 
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# Latitude Longitude Datum  # Latitude Longitude Datum 
BOR-05 29.9714 -90.023 1.3  BOR-06 29.9712 -90.023 -3.3 
Depth (ft) w% L% PI%  Depth (ft) w% L% PI% 
1 32    1 18 
  
2 17    2 18 
  
3 26 38 14  3 33 
  
4 30.5    4 33 78 58 
5 35    5 53 
  
6 41 43 23  6 48 63 40 
7 52    7 64 103 72 
8 62.5    8 64 
  
9 73 88 62  9 84 131 103 
10 77    10 88 123 98 
11 55    11 146 
  
12 102.5    12 352 
 141 
13 150 159 128  13 234 191 141 
14 95 143 105  14 233 221 147 
15 125 174 142  15 233 221 147 
16 113.5    16 233 
  
17 102    17 32 
  
18 271 319 202  18 44 60 41 
19 160    19 51 
  
20 214    20 51 
  
21 268 319 202  21 60 82 61 
22 78 272 216  22 47 
  
23 37    23 64 
  
24 41    24 52 49 29 
25 45 37 18  25 43 
  
26 45    26 68 
  
27 53 38 13  27 67 85 64 
28 53    28 49 
  
29 58    29 59 
  
30 46 45 22  30 53 77 57 
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# Latitude Longitude Datum  # Latitude Longitude Datum 
BOR-07 29.9725 -90.023 0  BOR-08 29.9724 -90.023 1.5 
Depth (ft) w% L% PI%  Depth (ft) w% L% PI% 
1 33    1 18 
  
2 37    2 31 
  
3 33    3 36 38 8 
5 35    5 32 
  
6 37    6 43 39 15 
7 38    7 77 87 65 
8 58    9 59 
 67 
9 77    10 60 89 67 
10 60    11 60 
  
11 61    12 
  67 
13 76    13 108 135 100 
14 152    14 157 
  
15 98 133 97  15 110 124 98 
16 132 181 141  17 100 
  
17 143    18 292 
 254 
18 240 283 223  19 162 242 150 
19 261 307 212  20 296 326 254 
21 173 144 109  21 58 46 29 
22 53    22 35 
  
23 42    23 35 
  
25 55 54 37  24 
  28 
26 63    25 49 46 28 
27 54 50 31  26 54 
  
28 61    27 63 75 51 
29 61    29 63 
  
30 38 39 19  30 57 48 29 
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# Latitude Longitude Datum  # Latitude Longitude Datum 
BOR-9 29.9723 -90.022 -2.2  BOR-10 29.9757 -90.022 0.1 
Depth (ft) w% L% PI%  Depth (ft) w% L% PI% 
1 16    1 27 
  
2 16    2 27 
  
3 26 57 38  4 24 
  
4 26    5 31 
  
5 26    6 45 57 34 
6 49 76 49  9 43 58 35 
7 49    10 53 104 71 
8 49    11 60 98 76 
9 49    13 51 
  
10 317    15 74 
  
11 317    17 112 
  
12 271    18 148 201 147 
13 271 194 159  19 277 377 263 
14 260    21 224 235 169 
15 70 70 51  22 210 
  
16 70    23 65 
  
17 34    24 60 52 31 
18 40 48 30  25 74 
  
19 48    26 58 
  
20 54    27 53 50 30 
21 61 84 62  28 54 
  
22 65 62   29 65 
  
23 65    30 68 91 69 
24 62 81 60  31 70 
  
25 67    32 64     
26 47 40 18      
27 47          
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# Latitude Longitude Datum  # Latitude Longitude Datum 
BOR-11 29.9756 -90.021 -0.6  BOR-14 29.9772 -90.021 0.6 
Depth (ft) w% L% PI%  Depth (ft) w% L% PI% 
1 23    1 30 
  
4 44 67 23  2 38 
  
5 27    3 18 65 39 
6 32 54 31  5 19 
  
8 41    6 23 
  
9 67 88 56  7 19 
  
10 73    9 56 99 72 
11 80 154 105  10 59 
  
13 424    11 91 
  
14 361    12 189 
  
17 45    13 185 
  
19 60    16 39 
  
21 70 59 38  17 37 
  
22 62    18 35 38 17 
23 76    19 38 44 28 
25 56 69 45  21 79 62 44 
26 78    22 62 
  
27 75 99 67  23 92 
  
28 73    24 96 268 176 
29 72    25 119 191 131 
30 64 58 37  26 59 
  
     27 60 75 56 
     28 44 
  
     29 60 
  
     30 56 77 54 
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# Latitude Longitude Datum  # Latitude Longitude Datum 
BOR-15 29.9771 -90.021 0.9  BOR-16 29.977 -90.021 -4.1 
Depth (ft) w% L% PI%  Depth (ft) w% L% PI% 
1 39 81 50  1 23 160 90 
2 19 81 50  2 23 160 90 
3 57 81 50  3 34 160 90 
4 70 99 66  4 30 160 90 
5 70 99 66  5 41 160 90 
6 62 99 66  6 55 160 90 
7 67 99 66  7 87 160 90 
8 97 99 66  8 87 160 90 
9 57 99 66  9 87 160 90 
10 59 99 66  10 51 34 12 
11 63 115 76  11 35 34 12 
12 129 115 76  12 56 42 21 
13 129 115 76  13 56 42 21 
14 61 127 90  14 61 80 50 
15 43 48 22  15 74 80 50 
16 33 70 54  16 86 118 90 
17 33 70 54  17 86 118 90 
18 49 70 54  18 93 111 73 
19 64 60 33  19 90 159 121 
20 45 60 33  20 108 159 121 
21 45 60 33  21 54 51 28 
22 78 55 34  22 71 73 54 
23 85 120 89  23 77 73 54 
24 121 120 89  24 44 93 72 
25 121 120 89  25 64 71 45 
26 179 157 108  26 64 71 45 
27 191 54 31  27 60 71 45 
28 57 54 31  28 55 66 45 
29 56 94 72  29 56 66 45 
30 63 94 72  30 53 69 52 
     31 54 89 69 
     32 51 89 69 
     33 64 89 69 
     34 68 89 69 
     35 72 90 65 
     36 69 90 65 
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# Latitude Longitude Datum  # Latitude Longitude Datum 
BOR-17 29.9791 -90.021 0.8  BOR-18 29.979 -90.021 1.1 
Depth (ft) w% L% PI%  Depth (ft) w% L% PI% 
1 32    1 32 
  
2 45    2 45 
  
3 49 169 121  3 49 169 121 
5 60 76 55  5 60 76 55 
6 53 98 70  6 53 98 70 
7 48    7 48 
  
8 72 84.5 62  8 72 84.5 62 
9 98    9 98 
  
10 116 139 81  10 116 139 81 
11 63    11 63 
  
12 66 104 75  12 66 104 75 
13 146 174 125  13 146 174 125 
14 195    14 195 
  
15 217 238 166  15 217 238 166 
17 282    17 282 
  
18 176 243 185  18 176 243 185 
19 345    19 345 
  
20 64    20 64 
  
21 67 43 22  21 67 43 22 
22 69    22 69 
  
23 57 48.5 29  23 57 48.5 29 
24 65 36 20  24 65 36 20 
25 80    25 80 
  
26  47 21  26 
 47 21 
27 77    27 77 
  
28 63 62 36  28 63 62 36 
29 65    29 65 
  
30 72 96 70  30 72 96 70 
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# Latitude Longitude Datum  # Latitude Longitude Datum 
BOR-19 29.9789 -90.02 -0.6  BOR-20 29.9789 -90.02 -8.2 
Depth (ft) w% L% PI%  Depth (ft) w% L% PI% 
1 24    1 20 
  
2 24    4 39 56 31 
5 37    5 71 
  
6 41 47 24  6 155 76 46 
7 40    7 108 
  
9 56 78 52  9 92 124 91 
10 63    10 69 
  
12 66    11 47 89 59 
13 122    13 59 76 49 
14 137    14 61 73 47 
16 138    15 73 83 58 
17 181    17 57 
  
18 263    18 
 68 41 
19 231 69 46  21 79 
  
21 42    22 75 92 63 
22 49 58 37  23 61 
  
23 47    24 71 90 65 
24 62 44 27      
25 74        
26 76        
27 65 64 45      
28 63        
29 55        
30 64 91 68      
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# Latitude Longitude Datum  # Latitude Longitude Datum 
BOR-21 29.9777 -90.021 0.8  BOR-22 29.978 -90.021 1.3 
Depth (ft) w% L% PI%  Depth (ft) w% L% PI% 
1 56    1 43 
  
2 34    3 57 
  
4 52 68 44  4 97 51 27 
6 59 80 51  5 65 
  
7 59    6 43 45 16 
9 74 97 56  8 41 
  
10 66    9 101 66 40 
12 100    10 93 
  
13 358 229 142  11 66 
  
14 52 67 46  13 94 201 116 
16 71 103 69  14 100 132 101 
17 64    15 58 
  
18 96 89 65  17 111 
  
20 132    18 231 409 233 
21 77 172 102  19 234 
  
22 61 65 45  20 294 
  
24 34 48 29  21 76 87 59 
25 66 54 33  22 56 
  
26  47 21  23 64 
  
27 70 42 20  24 46 49 33 
28 72 63 41  25 73 
  
29 66    26 58 
  
30 57 91 69  27 59 64 47 
32 70      28 56 
  
     29 40 
  
     30 49 94 69 
     32 59 82 48 
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# Latitude Longitude Datum  # Latitude Longitude Datum 
BOR-23 29.9786 -90.021 1.3  BOR-24 29.9731 -90.023 1.2 
Depth (ft) w% L% PI%  Depth (ft) w% L% PI% 
1 32    1 32 
  
2 45    2 47 
  
3 49 169 121  3 
   
5 60 76 55  4 37 45 20 
6 53 98 70  5 39 
  
7 48    6 47 61 39 
8 72 84.5 62  7 41 
  
9 98    8 40 50 29 
10 116 139 81  9 55 78 49 
11 63    10 63 
  
12 66 104 75  12 88 229 142 
13 146 174 125  13 197 
  
14 195    14 84 
  
15 217 238 166  14.5 109 158 116 
17 282    15 134 
  
18 176 243 185  16 135 
  
19 345    17 90 
  
20 64    18 168 
  
21 67 43 22  19 340 317 212 
22 69    20 119 
  
23 57 48.5 29  21 50 58 41 
24 65 36 20  23 53 
  
25 80    25 52 58 35 
26  47 21  26 65 
  
27 77    27 37 44 23 
28 63 62 36  29 64 
  
29 65    30 50 79 52 
30 72 96 70  31 45 57 35 
     32 45     
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# Latitude Longitude Datum  # Latitude Longitude Datum 
BOR-25 29.9736 -90.022 2  BOR-45 29.9774 -90.022 0.2 
Depth (ft) w% L% PI%  Depth (ft) w% L% PI% 
1 29    1 32 
  
2 24    2 36 
  
3 36 66 42  4 36 51 30 
5 34.5    5 49 
  
6 32 56 40  6 30 44 25 
7 27    7 39 
  
9 28 57 38  9 33 45 29 
10 35    10 34 
  
11 39    13 44 133 100 
12 40 54 34  14 46 
  
13 59 62 45  15 35 52 34 
14 43    16 41 
  
15 53 63 47  17 35 
  
17 37    18 35 40 26 
18 50 60 44  21 33 47 29 
19 34    22 31 
  
21 27 48 30  23 31 
  
22 37    24 28 40 24 
23 35    25 32 
  
25 40 165 91  26 34 
  
26 55    27 51 62 40 
27 45 48 25  28 59 
  
     29 64 
  
     30 62 91 70 
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D.3. Sediment type data from geotechnical borings used in Chapter 4 and 5 
Sediment type data below were downloaded from Louisiana Sand Resources Database (LASARD), 
which is available through CPRA Coastal Information Management System (CIMS) website at 
https://cims.coastal.louisiana.gov/default.aspx. Original data were provided as geotechnical boring 
reports in the pdf format.  
Structure of the data (each boring has two or more rows of data) 
Name Latitude Start Elev.(ft) Boundary Elev. (ft) … End Elev. (ft) 
Year Longitude Datum Sed. Type … Sed. Type 
 
Data 
BBC-1 29.32 4 -3 -5 -6      
1971 -89.32 NGVD ML CH CL      
BBC-2 29.33 4 3 -13 -16      
1971 -89.31 NGVD CL CH CL      
BBC-3 29.35 4 2 1 -4 -10 -17    
1971 -89.30 NGVD CL CH CL CH ML    
BBC-4 29.36 4 2 -1 -7 -10 -13 -15 -16  
1971 -89.30 NGVD CL ML CL CH SM ML SM  
BBC-5 29.33 2 -2 -4 -14 -19 -21 -24 -38 -43 
1971 -89.31 NGVD CH CL CH ML SP CH CH ML 
BBC-6 29.35 2 -1 -4 -6 -14 -19 -21 -24 -43 
1971 -89.30 NGVD SM ML CL CH ML CH ML CH 
BBC-7 29.37 -4 -16 -18 -36 -39 -55    
1976 -89.30 NGVD CH SM CH CL CH    
BOR-1 29.12 -8 -11 -14 -16 -18 -33 -38 -52  
1962 -89.27 NGVD CH CL CH CL CH ML CH  
BOR-2 29.12 -10 -11 -54 -56      
1962 -89.27 NGVD ML CH ML      
BOR-3 29.12 -9 -11 -14 -16 -31 -35 -36 -39 -41 
1962 -89.27 NGVD CL CH CL CH ML CH CL CH 
   -43 -49 -53 -55     
   ML CH ML CH     
BOR-4 29.11 -3 -4 -6 -14 -18 -23 -26 -36 -41 
1962 -89.27 NGVD CH CL CH ML CH ML CH CL 
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   -44 -46 -53      
   ML CL ML      
BOR-5 29.11 -1 -9 -17 -22 -24 -29 -32 -44 -52 
1962 -89.27 NGVD CL CH ML CH SM CL CH CL 
   -53        
   CH        
0.98-G 29.16 0 -4 -16 -21 -23 -26 -61 -63 -67 
1979 -89.27 NGVD SM CH CL CH CL CH CL CH 
   -70        
   CL        
1.9-SW 29.12 -4 -7 -10 -13 -15 -20 -23 -25 -27 
1979 -89.27 NGVD CL ML CL CH CL CH SM CH 
   -33 -43 -52 -64     
   CL CH SM CH     
3.2-SW 29.11 -4 -6 -14 -22 -32 -35 -42 -44 -46 
1979 -89.27 NGVD CL CH CL CH ML CH CL CH 
   -49 -59 -62 -64     
   ML CH ML CH     
W-GA 29.16 -2 -5 -13 -23 -37 -65 -72   
1979 -89.26 NGVD SM CH CL CH CL ML   
WSWU 29.14 -2 -4 -6 -7 -8 -9 -10 -11 -12 
1982 -89.26 NGVD SM ML CH CL ML CL ML CL 
   -13 -14 -21 -27 -38 -39 -84  
   CH CL ML CH ML CH SM  
BSS-118 29.20 -15 -22 -29       
2000 -89.30 NGVD ML CL       
E-6.7-G 29.24 0 -7 -26 -33 -43 -46 -51 -56 -69 
1979 -89.30 NGVD ML CH ML SM ML CL SM ML 
   -79 -81       
   SM ML       
E-5.5-G 29.23 -3 -8 -11 -14 -16 -21 -28 -36 -41 
1979 -89.29 NGVD CL CH CL CH CL CH SM CH 
   -61 -66 -78 -81 -83    
   SM ML SM CL CH    
E-4.7-G 29.21 -4 -9 -12 -24 -27 -29 -42 -44 -54 
1979 -89.28 NGVD CH CL CH CL ML CH CL SM 
   -56 -65 -82 -87 -94    
   CL SM ML SM CH    
SWD-3 29.21 0 -2 -12 -14 -19 -24 -27 -39 -60 
1982 -89.25 NGVD CH ML CH ML CH ML CH ML 
E-7.1-U 29.24 -2 -5 -8 -13 -15 -22 -25 -29 -41 
1982 -89.30 NGVD CH CL CH ML CH CL ML SM 
   -46 -58 -62 -65 -68 -70 -77 -78 
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   CH SM CH SM ML CL ML CL 
   -81 -82 -83 -88 -91 -101 -122 -134 
   ML SM CL SM ML SM ML CH 
E-3.4-U 29.20 -1 -5 -6 -24 -35 -40 -43 -45 -56 
1982 -89.27 NGVD CH ML CH ML CH ML CL ML 
   -57 -60 -64 -68 -75 -77 -79 -100 
   CL ML SM ML SM ML SM ML 
BC-7 29.25 7 -3 -7       
1990 -89.30 NGVD SP CH       
BC-8 29.25 6 1 -4 -5 -8     
1990 -89.30 NGVD SP CH ML CH     
BC-9 29.24 6 -1 -2 -4      
1990 -89.30 NGVD SP SM CH      
BC-10 29.24 5 0 -2 -7      
1990 -89.30 NGVD SP SM CH      
BC-11 29.24 6 -1 -3       
1990 -89.29 NGVD SP CH       
BC-12 29.24 5 0 -2 -3      
1990 -89.29 NGVD SP CL CH      
B-1 29.21 -8 -11 -14 -16 -18 -34 -38 -53  
1962 -89.29 NGVD CH CL CH CL CH ML CH  
B-2 29.21 -9 -11 -54 -56      
1962 -89.29 NGVD ML CH ML      
B-3 29.21 -9 -11 -13 -16 -31 -34 -36 -38 -41 
1962 -89.29 NGVD CL CH CL CH ML CH CL CH 
   -44 -48 -53 -55     
   ML CH ML CH     
W-3.36-G 29.19 0 -4 -12 -17 -32 -36 -44 -46 -49 
1979 -89.28 NGVD SM CH CL CH CL ML CL ML 
   -59 -69 -71      
   SM ML CL      
W-4.46-G 29.21 -1 -7 -14 -17 -19 -29 -39 -42 -49 
1979 -89.29 NGVD SM CL ML CH CL CH SM CH 
   -72 -81       
   SM ML       
BB-1 29.25 0 -1 -9 -17 -39 -44 -61   
2010 -89.36 NAVD ML CL SM CH CL CH   
BB-2 29.25 0 -7 -11 -17 -19 -49 -61   
2010 -89.35 NAVD CH CL ML CH CL CH   
BB-3 29.24 0 -6 -12 -14 -35 -50 -62   
2010 -89.35 NAVD CL CL CL CH SM CH   
BB-4 29.24 1 -3 -9 -13 -14 -17 -41 -44 -61 
2010 -89.36 NAVD CH CL SM SP CH CH MH CH 
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BB-5 29.24 0 -6 -13 -35 -47 -52 -62   
2010 -89.35 NAVD CH CL CH MH SC CH   
BB-6 29.24 1 -7 -11 -15 -19 -44 -54 -61  
2010 -89.35 NAVD CH ML CH SM CH MH CH  
BB-7 29.25 -29 -32 -44 -57 -69     
2010 -89.35 NAVD MH CH CL CH     
BB-8 29.24 -21 -27 -39 -51 -60 -62    
2010 -89.34 NAVD CH MH CH CL ML    
BB-9 29.23 -26 -32 -50 -55 -60 -67    
2010 -89.34 NAVD MH CH CL ML CH    
BB-10 29.21 -26 -34 -40 -67      
2010 -89.34 NAVD CH MH CH      
BB-11 29.23 2 0 -4 -10 -14 -18 -23 -25  
2010 -89.36 NAVD CL ML CL ML SC CH SM  
BB-12 29.22 1 -3 -26       
2010 -89.35 NAVD MH CH       
BB-13 29.21 2 -6 -8 -10 -14 -18 -25   
2010 -89.35 NAVD CH MH SM CH SM CH   
58-MHUL 29.28 3 1 -3 -28 -32 -52 -60 -66 -67 
1970 -89.34 NGVD CH ML CH ML SM SP SM CH 
   -84 -88 -89 -90 -116    
   SM ML CH CL CH    
59-MHL 29.28 2 -12 -18 -20 -25 -35 -42 -44 -50 
1970 -89.34 NGVD CH CL ML CL ML SM CH SM 
   -57        
   ML        
E-8.8-G 29.26 -3 -5 -8 -11 -13 -15 -18 -26 -31 
1979 -89.32 NGVD ML CL CH ML CH ML CL CH 
   -33 -36 -56 -59 -62    
   ML CH SM CH SM    
BC-1 29.28 7 1 -1 -3 -5     
1990 -89.34 NGVD SP CH ML CH     
BC-2 29.28 6 2 0 -2 -3 -5    
1990 -89.34 NGVD SM SP CH ML CH    
BC-3 29.27 6 -1 -3 -4 -6     
1990 -89.33 NGVD SP CH ML CH     
BC-4 29.27 6 0 -1 -4      
1990 -89.33 NGVD SP SM CH      
BC-5 29.26 6 -2 -3 -4      
1990 -89.32 NGVD SP ML CH      
BC-6 29.26 5 2 -1 -2 -4     
1990 -89.32 NGVD SM SP ML CH     
12.8-L 29.31 4 -1 -17 -18 -26 -28 -33 -36 -42 
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1970 -89.37 NGVD ML CH SM SP SM SP SM SP 
   -50 -53 -56 -61 -68 -71 -74 -80 
   SM SP SM CL ML CL ML CH 
13.4-L 29.31 3 1 -5 -19 -21 -27 -28 -42 -47 
1970 -89.37 NGVD ML CH ML CL SP ML SP SM 
   -60 -77 -79 -86     
   SP CH CL CH     
12.2-L 29.30 4 -2 -19 -24 -26 -40 -45 -58 -64 
1970 -89.36 NGVD CL CH CL SM SP SM SP SM 
   -79 -80       
   CH CL       
55-MHL 29.29 2 -3 -6 -9 -31 -34 -53 -57  
1970 -89.35 NGVD CL CH CL CH SM CH CL  
56-MHL 29.29 3 -2 -4 -20 -22 -37 -40 -57  
1970 -89.35 NGVD CH CL CH CL CH CL CH  
11.6-LU 29.29 5 -2 -22 -27 -29 -33 -55 -57 -60 
1970 -89.35 NGVD ML CH ML SM SP SM ML SM 
   -61 -63 -64 -65 -66 -68 -69 -75 
   CL ML CL SM CH ML CH ML 
   -80 -82       
   CH ML       
57-MHL 29.29 3 -2 -9 -15 -25 -30 -32 -34 -37 
1970 -89.35 NGVD ML CH CL CH ML SM ML CL 
   -39 -45 -49 -52 -55 -57   
   SM ML SM ML SM CH   
6-WBU 29.30 13 10 7 6 5 2 1 0 -8 
1987 -89.36 NGVD CL CH CL CH ML CH CL CH 
   -10 -12 -14 -16 -17 -17 -21 -22 
   ML CH CL CH ML CL CH SM 
   -24 -28 -29 -37 -38 -39 -40 -43 
   CL CH ML SM CL SM CH CL 
   -46 -48 -49 -52 -53 -81 -90  
   SM CL CH SM CH SM CL  
5-WBU 29.31 13 3 -3 -6 -9 -27 -28 -33 -48 
1987 -89.37 NGVD SM CL CH CL CH CL ML SM 
   -52 -54 -68 -71 -90    
   CH CL CH CL CH    
32-WBB 29.31 0 -2 -21       
1987 -89.37 NGVD ML CH       
33-WBB 29.31 -2 -6 -15 -22      
1987 -89.37 NGVD CH CL CH      
34-WBB 29.31 -2 -8 -13 -22      
1987 -89.37 NGVD CH CL CH      
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35-WBB 29.31 -10 -12 -18 -22 -26 -31    
1987 -89.37 NGVD CL CH CL ML SM    
36-WBB 29.31 -3 -18 -21 -22      
1987 -89.37 NGVD CH ML SM      
37-WBB 29.31 -2 -6 -8 -22      
1987 -89.37 NGVD CH CL ML      
39-WBB 29.32 -2 -3 -6 -11 -17 -22 -24   
1987 -89.37 NGVD CL ML CH ML SM ML   
40-WBB 29.32 -29 -37 -41 -43 -46 -48 -50   
1987 -89.37 NGVD CH SM ML SM CL CH   
1-BOR 29.29 1 -1 -3 -10      
1988 -89.37 NGVD CH CL CH      
VB-B-1 29.31 0 -5 -7 -29 -30     
2010 -89.48 NAVD OH CH CL SM     
VB-B-2 29.30 -1 -7 -9 -13 -15 -27 -30   
2010 -89.47 NAVD OH CL CH CL ML CH   
VB-B-3 29.28 0 -5 -9 -11 -15 -17 -27 -28 -29 
2010 -89.47 NAVD OH CH CL ML CL CH SM CL 
   -30        
   SM        
VB-B-4 29.31 1 -4 -6 -8 -21 -23 -25 -29 -31 
2010 -89.48 NAVD CH CL CH SM CH ML SP CH 
   -37 -39 -43 -45 -47 -49 -65  
   CL ML CH SM CH SM CH  
VB-B-5 29.29 2 -4 -10 -22 -24 -26 -28 -58  
2010 -89.47 NAVD OH CL ML CL-ML CH ML CH  
VB-B-6 29.28 2 -2 -4 -14 -16 -22 -24 -28 -42 
2010 -89.47 NAVD PT CH ML SC CH ML SM CH 
   -44 -46 -48 -50 -54 -58   
   CL SM CL ML CL CH   
VB-B-7 29.31 1 -3 -7 -13 -23 -31 -33 -39  
2010 -89.47 NAVD OH PT ML CH ML SM CH  
VB-B-8 29.29 -3 -9 -15 -19 -21 -43    
2010 -89.47 NAVD PT ML SM CL CH    
VB-B-9 29.28 -1 -7 -17 -23 -25 -29 -31 -41  
2010 -89.47 NAVD OH ML CH SM CH SM SP  
VB-B-10 29.27 0 -6 -7 -14 -40     
2010 -89.47 NAVD PT OH ML CH     
VB-B-11 29.31 -1 -3 -5 -7 -23 -28 -33 -38 -43 
2011 -89.48 NAVD PT CH OH CL OH CH CL-ML ML 
   -73 -77 -79      
   CH CL CH      
VB-B-12 29.31 -1 -3 -5 -7 -9 -13 -33 -38 -43 
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2011 -89.47 NAVD PT OH CH CL CL-ML CH CL CH 
   -45 -47 -50 -53 -58 -60 -63 -77 
   CL CL-ML CL CL-ML CH CL SM CH 
   -79        
   CL        
VBB-13 29.30 -9 -13 -21 -46 -51 -56 -61 -79  
2011 -89.47 NAVD OH CL CH CL CH CL CH  
VB_B-14 29.30 -1 -5 -7 -18 -79     
2011 -89.47 NAVD OH CH CL CH     
VB_B-15 29.30 -15 -17 -21 -31 -41 -79    
2011 -89.47 NAVD CL-ML CL CH CL CH    
VB_B-16 29.29 -9 -13 -26 -79      
2011 -89.47 NAVD CH CL CH      
VB_B-17 29.29 -19 -27 -79       
2011 -89.47 NAVD OH CH       
VB_B-18 29.29 -15 -26 -31 -36 -79     
2011 -89.47 NAVD CH CL-ML OH CH     
VC_04 29.41 -47 -60        
2005 -89.60 NGVD SP        
VC_05 29.39 -50 -51 -52 -54 -55 -63    
2005 -89.59 NGVD SP CL SP CL SP    
MRVC_6 29.39 -34 -35 -36 -37 -38 -47 -53   
2005 -89.58 NGVD SP CL SP CL SP SM   
VC_06A 29.39 -34 -52        
2005 -89.58 NGVD SP        
VC_07 29.35 -42 -62        
2005 -89.50 NGVD SP        
VC_07A 29.35 -50 -63        
2005 -89.50 NGVD SP        
VC_08 29.36 -42 -45 -46 -49 -51 -52 -61   
2005 -89.46 NGVD SP CL SP-SM SP CL SP-SM   
VC_09 29.37 -58 -74 -78       
2005 -89.54 NGVD SP 
SP-
SM       
VC_10 29.35 -56 -66 -67 -77      
2005 -89.51 NGVD SP SP SP-SM      
VC_11 29.36 -53 -54 -57 -59 -63 -64 -65 -66 -67 
2005 -89.45 NGVD SP CL SM CL SC CL SC CL 
   -70 -71 -73 -74     
   SC CL SP CL     
VC_12 29.36 -41 -50 -52 -61      
2005 -89.43 NGVD SP CL SP-SM      
VC_12A 29.36 -53 -54 -55 -61      
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2005 -89.43 NGVD SP CL SP-SM      
VC_13 29.35 -40 -41 -44 -45 -57     
2005 -89.42 NGVD CL SP CL SP     
VC_13A 29.35 -51 -59        
2005 -89.42 NGVD SP        
VC_05A 29.39 -61 -67        
2005 -89.59 NGVD SP        
MRB_01 29.41 -44 -49 -50 -51 -52 -53 -56 -57 -58 
2008 -89.60 NAVD ML SP-SM ML SP-SM ML SP ML SP 
   -59 -63 -64 -65 -66 -67 -68 -69 
   ML SP SP-SM ML SP ML SM PT 
MRB_02 29.40 -42 -43 -46 -48 -51 -52 -53 -54 -61 
2008 -89.60 NAVD ML SP PT SP-SM SP ML SP-SM PT 
   -62 -64 -65      
   ML SP PT      
MRB_05 29.39 -41 -42 -45 -46 -47 -56 -58 -62  
2008 -89.59 NAVD SM ML SP ML SP ML SP  
MRB_06 29.39 -38 -41 -42 -44 -45 -47 -49 -56 -57 
2008 -89.58 NAVD ML SP-SM SP ML SP ML SP ML 
   -59 -60 -61 -63     
   SP-SM ML SP ML     
MRB_07 29.41 -42 -46 -47 -48 -49 -51 -55 -56 -58 
2008 -89.60 NAVD ML SP ML SP ML SP ML SM 
   -62 -63 -64 -66     
   PT SM SP SM     
MRE_05 29.35 -50 -54 -66 -70      
2008 -89.51 NAVD ML SP SP-SM      
MRE_7 29.35 -44 -46 -53 -54 -56 -57 -59 -60 -61 
2008 -89.50 NAVD ML SP ML SP ML SP ML SP 
MRE_09 29.35 -38 -43 -48 -51 -53 -56    
2008 -89.51 NAVD MH SP-SM SP SM ML    
MRE_10 29.35 -44 -46 -47 -61 -62     
2008 -89.50 NAVD ML SM SP SM     
MRE_11 29.34 -46 -48 -60 -61 -63     
2008 -89.50 NAVD SM SP SM SP-SM     
MRE_13 29.35 -41 -46 -47 -48 -50 -51 -52 -55 -56 
2008 -89.50 NAVD ML SP SP-SM PT SM ML SP-SM ML 
   -57        
   SP-SM        
VB_001U 29.40 13 12 5 2 -5 -14 -18 -27 -50 
2008 -89.61 NAVD CL CH SM CH ML CH SM CH 
   -59 -78       
   ML CH       
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VB_002U 29.40 6 4 -3 -6 -7 -15 -18 -23 -26 
2008 -89.61 NAVD CL CH PT ML SM ML CH CL 
   -42 -60 -64      
   CH SM CH      
VB_003U 29.40 7 3 -1 -13 -18 -21 -45   
2008 -89.61 NAVD CH SM CH SM CL CH   
VB_004U 29.40 13 9 6 5 3 -2 -3 -8 -11 
2008 -89.61 NAVD CH CL CH SM CH SM CL CH 
   -15 -19 -29 -51 -56 -71 -73 -76 
   CL CH SM CH CL CH SM ML 
   -77        
   CH        
VB_005U 29.39 13 8 7 5 3 -8 -14 -15 -32 
2008 -89.61 NAVD CH CL CH CL CH CL CH SM 
   -52 -54 -57 -63 -65 -70 -77  
   CH CL SM ML SM ML CH  
VB_006U 29.39 7 -3 -13 -42 -53 -65    
2008 -89.61 NAVD CH SM CH ML CH    
VB_007U 29.39 7 -7 -9 -13 -15 -23 -29 -40 -43 
2008 -89.61 NAVD CH CL SM CH SM CL CH SM 
VB_009U 29.39 13 11 9 3 1 -15 -17 -28 -31 
2008 -89.61 NAVD CL ML CH SM CH CL SM CL 
   -53 -55 -62 -67 -79    
   CH CL ML SM CH    
VB-010U 29.39 7 3 -1 -7 -9 -17 -42 -45 -47 
2008 -89.61 NAVD CH SM CH CL ML CH CL CH 
   -57 -61 -65      
   ML SM CH      
VB-011U 29.39 7 -2 -3 -5 -9 -11 -15 -17 -27 
2008 -89.61 NAVD CH CL CH SM CL CH CL SM 
   -43        
   CH        
VB-012U 29.39 14 12 -8 -12 -14 -16 -20 -23 -30 
2008 -89.61 NAVD CL CH ML CL CH SM ML SM 
   -36 -41 -47 -50 -54 -59 -70 -75 
   CH SM CL CH ML CH SM CH 
   -76 -77       
   ML CL       
VB-013U 29.38 15 -10 -15 -17 -19 -30 -32 -62 -72 
2008 -89.61 NAVD CH ML CH CL SM CL CH SM 
   -77        
   CH        
VB-014U 29.38 6 5 4 3 -7 -13 -17 -18 -27 
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2008 -89.61 NAVD CH CL CH SM CH CL CH SM 
   -38 -40 -57 -64 -65    
   CH SM CH CL SM    
VB-015U 29.38 7 5 3 -1 -3 -6 -19 -21 -23 
2008 -89.61 NAVD CH CL ML SM ML CL CH CL 
   -26 -31 -38 -40     
   SM CH SM CH     
VB-016U 29.38 14 6 3 0 -2 -4 -18 -20 -22 
2008 -89.61 NAVD CH SM CL CH SM OH SM CH 
   -27 -36 -42 -49 -58 -61 -63 -65 
   ML CH SM CL CH ML CH ML 
   -78        
   CH        
VB-017U 29.38 15 6 3 -3 -4 -13 -17 -22 -25 
2008 -89.60 NAVD CH SM CH OH ML CL ML CL 
   -27 -30 -47 -50 -54 -57 -66 -71 
   ML CL CH CL ML CH ML SM 
   -72 -78       
   ML SM       
VB-018U 29.38 6 5 3 -5 -14 -17 -20 -34 -41 
2008 -89.60 NAVD CH SM CH SM CH ML CH SM 
   -48 -53 -56 -63     
   CH CL CH SM     
VB-019U 29.38 8 3 0 -13 -25 -30 -37 -45  
2008 -89.60 NAVD CH ML CH CL CH ML CH  
VB-020U 29.38 14 10 -20 -26 -33 -35 -52 -55 -61 
2008 -89.60 NAVD CL CH ML CH SM CH CL CH 
   -70 -78       
   SM CH       
VB-021U 29.38 15 -8 -12 -17 -22 -25 -30 -38 -42 
2008 -89.60 NAVD CH CL CH CL CH CL CH SM 
   -53 -60 -68 -72 -106    
   CH ML CH CL CH    
VB-022U 29.38 4 -14 -18 -20 -28 -35 -36 -40 -42 
2008 -89.60 NAVD CH CL CH CL CH SM CH SM 
   -52 -65       
   CH CL       
VB-023U 29.37 6 3 -2 -3 -7 -9 -14 -16 -18 
2008 -89.60 NAVD CH CL CH SM CH PT CH ML 
   -28 -39 -42 -44     
   SM CH SM CH     
VB-024U 29.38 13 11 10 5 -3 -20 -22 -30 -41 
2008 -89.60 NAVD CH ML CL CH SM CH SM CH 
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   -43 -56 -60 -62 -64 -66 -73 -78 
   SM CH ML CH CL CH ML CH 
VB-025U 29.37 14 5 0 -2 -30 -42 -47 -57 -62 
2008 -89.60 NAVD CH ML CH SM CH ML CH CL 
   -66 -70 -77      
   ML CH ML      
VB-026U 29.37 5 2 0 -4 -6 -26 -27 -44 -47 
2008 -89.60 NAVD CL CH SM CH SM ML CH CL 
   -52 -55 -63 -67     
   CH CL CH ML     
VB-027U 29.37 7 6 2 -2 -7 -13 -30 -39 -42 
2008 -89.59 NAVD CH CL CH SM CH SM CH SM 
VB-028U 29.37 15 10 8 3 0 -10 -18 -20 -25 
2008 -89.59 NAVD CH SM CL CH SP SM CH 
M
L 
   -30 -40 -45 -54 -58 -62 -65 -70 
   SM CH SP CH CL SM CH CL 
   -73 -77       
   SM CL       
VB-029U 29.37 15 3 -3 -6 -32 -52 -60 -62 -65 
2008 -89.59 NAVD CL CH SP SM CH ML CL CH 
   -75 -77       
   CL CH       
VB-030U 29.37 2 -3 -7 -14 -30 -40 -43 -53 -64 
2008 -89.59 NAVD SM SP CH SM CH SM CH CL 
   -66 -70       
   SM CH       
VB-031U 29.37 7 5 2 -3 -11 -17 -21 -26 -28 
2008 -89.59 NAVD CH CL CH ML CH ML SM CL 
   -30 -41 -44      
   ML CH SM      
VB-032U 29.37 14 9 2 -2 -20 -22 -30 -42 -45 
2008 -89.59 NAVD CH CL CH SP ML SM CH SM 
   -52 -66 -68 -75 -78    
   CH ML CH ML CL    
VB-033U 29.37 14 10 5 0 -2 -20 -22 -30 -42 
2008 -89.58 NAVD CH CL CH SP SM CH SM CH 
   -47 -54 -57 -63 -72 -78   
   SM CH CL SM CH CL   
VB-034U 29.37 0 -2 -6 -8 -16 -20 -22 -30 -42 
2008 -89.58 NAVD CH SM CL SP CH CL SM CH 
   -47 -55 -65 -67 -70    
   SP CH SM CL CH    
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VB-035U 29.37 8 3 0 -3 -6 -11 -22 -32 -43 
2008 -89.58 NAVD CL SP CH SM SP SM CL CH 
VB-036U 29.37 15 10 0 -12 -22 -32 -42 -46 -54 
2008 -89.58 NAVD CL CH SP CH ML CH SM CH 
   -59 -62 -70 -77     
   ML CL CH CL     
VB-037U 29.37 14 3 0 -10 -30 -32 -43 -46 -60 
2008 -89.58 NAVD SP CH SP SM ML CH SM CH 
   -68 -71 -74 -77     
   SM CH SM CH     
VB-038U 29.37 1 -7 -11 -16 -18 -21 -31 -53 -57 
2008 -89.58 NAVD SM SP SM CH SM ML CH ML 
   -59 -62 -68      
   CH ML CH      
VB-039U 29.37 8 4 -11 -18 -20 -22 -31 -44  
2008 -89.58 NAVD CH SP CH CL ML SM CH  
VB-040U 29.37 14 0 -2 -22 -25 -30 -56 -61 -69 
2008 -89.58 NAVD CH SP SM CH SM CH CL ML 
   -75 -78       
   CH ML       
VB-041U 29.36 16 8 -2 -42 -57 -77    
2008 -89.57 NAVD CL CH SP CH SM    
VB-042U 29.37 3 -2 -10 -22 -37 -53 -57 -62  
2008 -89.57 NAVD SM ML CL SM CH CL SM  
VB-043U 29.36 7 -5 -12 -13 -18 -23 -29 -45  
2008 -89.57 NAVD CH SM SP CH SM CL CH  
VB-044U 29.36 15 -1 -10 -29 -50 -66 -74 -77  
2008 -89.57 NAVD CH SP SM CH ML CH ML  
VB-045U 29.36 15 -2 -19 -30 -56 -66 -70 -77  
2008 -89.57 NAVD CH SP SM CH ML CH ML  
VB-046U 29.36 -1 -9 -14 -18 -28 -46 -52 -57 -68 
2008 -89.57 NAVD ML SM CH SM CH ML CH SM 
   -72        
   CH        
VB-047U 29.36 7 -3 -8 -13 -16 -20 -25 -29 -31 
2008 -89.56 NAVD CH SM SP CH SM SP SM CH 
   -33 -45       
   ML CH       
VB-048U 29.36 14 0 -19 -21 -30 -50 -62 -64 -67 
2008 -89.56 NAVD CH SM CH SM CH SM CH CL 
   -70 -78       
   SM CL       
VB-049U 29.36 2 -12 -28 -43 -61 -82 -90 -118  
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2008 -89.56 NAVD CH SP SM CH SM ML CH  
VB-050U 29.36 -2 -13 -16 -17 -21 -32 -47 -50 -53 
2008 -89.56 NAVD CH ML CH ML SM CH ML SM 
   -57 -66 -69 -71 -73    
   CL ML SM CL CH    
VB-051U 29.36 7 -3 -8 -12 -16 -17 -20 -21 -33 
2008 -89.56 NAVD CH ML SP CH ML CL CH SM 
   -45        
   CH        
VB-052U 29.36 15 10 0 -24 -25 -33 -49 -56 -58 
2008 -89.56 NAVD CL CH SM CH SM CH SM CH 
   -77        
   SM        
VB-053U 29.36 15 13 10 0 -10 -33 -50 -68 -77 
2008 -89.56 NAVD CH SP CH SP SM CH SM CL 
VB-054U 29.36 0 -11 -13 -32 -47 -60 -64 -71  
2008 -89.56 NAVD SP CH SM CH SM ML SM  
VB-055U 29.36 8 -1 -7 -12 -15 -18 -23 -25 -38 
2008 -89.55 NAVD CH CL SP CH SP SM CH SM 
   -42        
   ML        
VB-057U 29.36 14 6 0 -5 -25 -27 -29 -33 -36 
2008 -89.55 NAVD SM CH SM SP SM CL SM ML 
   -52 -69 -71 -75 -77    
   CH SM CH ML CL    
VB-058U 29.36 0 -4 -7 -20 -40 -52 -64 -71  
2008 -89.55 NAVD CH ML SP SM CH SM ML  
VB-059U 29.36 8 0 -3 -5 -10 -13 -17 -22 -25 
2008 -89.55 NAVD CH SM CH SP CH ML SP SM 
   -27 -37 -45      
   CH CL CH      
VB-060U 29.36 15 13 10 1 -2 -6 -9 -13 -25 
2008 -89.55 NAVD CH SM CH SM SP ML SP SM 
   -29 -34 -40 -42 -57 -65 -69 -73 
   CH SM ML CL CH SM ML SM 
   -75        
   ML        
VB-061U 29.36 15 9 5 3 -2 -5 -32 -37 -59 
2008 -89.54 NAVD CH SM ML CH SP SM ML CH 
   -73 -77       
   ML CL       
VB-062U 29.36 0 -5 -15 -21 -32 -37 -55 -68  
2008 -89.54 NAVD CH SP ML SP CL CH ML  
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VB-063U 29.36 8 2 0 -4 -7 -17 -37 -39 -42 
2008 -89.54 NAVD CH CL SM CL SM SP SM ML 
   -43        
   CH        
VB-064U 29.36 15 10 -1 -35 -57 -64 -73 -76  
2008 -89.54 NAVD SM CH SP CH SM ML CH  
VB-065U 29.36 14 3 -3 -5 -15 -17 -25 -30 -35 
2008 -89.54 NAVD CH SP SM SP SM SP CH SM 
   -42 -47 -58 -62 -72 -75   
   ML CL CH SP ML CL   
VB-066U 29.36 0 -3 -12 -15 -20 -28 -33 -42 -63 
2008 -89.54 NAVD CH SM CH SM CH SM ML CH 
   -64 -65 -67 -72     
   SM ML SM ML     
VB-067U 29.35 8 -4 -6 -38 -41 -42    
2008 -89.54 NAVD CH SM SP ML CH    
VB-068U 29.35 14 0 -7 -32 -38 -40 -45 -59 -63 
2008 -89.54 NAVD CH SP SM CH CL ML CH SM 
   -78        
   ML        
VB-069U 29.35 14 10 -2 -24 -35 -52 -55 -64 -66 
2008 -89.53 NAVD CL CH SP SM CH CL CH ML 
   -70 -71 -75      
   CH CL CH      
VB-070U 29.35 -1 -13 -22 -24 -28 -38 -52 -60 -72 
2008 -89.53 NAVD CH SM ML SM CH CL SM ML 
VB-071U 29.35 8 -3 -8 -11 -26 -27 -29 -32 -44 
2008 -89.53 NAVD CH ML SM SP CL SP SM SP 
VB-072U 29.35 14 9 6 -2 -4 -14 -20 -34 -36 
2008 -89.53 NAVD CH CL CH SP SM SP SM CL 
   -43 -62 -68 -77     
   ML CH SM ML     
VB-074U 29.35 -1 -5 -8 -14 -17 -21 -27 -29 -32 
2008 -89.53 NAVD CL SM CH ML SM SP SM ML 
   -37 -40 -42 -64 -70    
   CL SM ML CH SM    
VB-075U 29.35 8 -2 -4 -14 -16 -43    
2008 -89.53 NAVD CH SM ML SP SM    
VB-076U 29.35 14 2 -5 -10 -22 -25 -42 -45 -47 
2008 -89.53 NAVD CH SP SM SP CH SM CH CL 
   -49 -68 -77      
   SM CH SM      
VB-077U 29.35 12 -2 -15 -27 -29 -31 -34 -55 -67 
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2008 -89.52 NAVD CH SP SM ML SM ML SM CH 
   -70 -78       
   SM ML       
VB-078U 29.35 2 -2 -6 -12 -18 -27 -31 -35 -49 
2008 -89.52 NAVD CH ML CH ML SM ML SP ML 
   -52 -64 -70      
   SP CH SM      
VB-079U 29.34 6 -3 -6 -36 -44     
2008 -89.52 NAVD CH SP SM ML     
VB-080U 29.34 13 -2 -7 -22 -25 -27 -33 -38 -40 
2008 -89.52 NAVD CH SP SM ML SM CH SM ML 
   -42 -44 -47 -49 -66 -71 -77  
   CL ML CL ML CH SM ML  
VB-081U 29.34 14 7 2 -7 -12 -20 -22 -27 -31 
2008 -89.52 NAVD ML CH SP SM SP CH ML SM 
   -35 -36 -37 -42 -48 -50 -76  
   ML SM ML SM SP ML SP  
VB-082U 29.34 5 1 -7 -20 -24 -29 -36 -39 -45 
2008 -89.52 NAVD CL CH CL SM CL SM CL SM 
   -51 -55 -56 -67     
   SP SM SP SM     
VB-083U 29.34 6 4 -3 -45      
2008 -89.52 NAVD CL CH SP      
VB-084U 29.34 13 8 5 1 -1 -3 -23 -28 -30 
2008 -89.52 NAVD ML CL ML CH SM SP ML CL 
   -33 -35 -47 -70 -75 -77   
   ML CL SM CH SM CH   
VB-085U 29.34 13 7 5 0 -7 -20 -22 -45 -50 
2008 -89.51 NAVD CH CL CH SP SM CH SM CL 
   -67 -71 -74 -80     
   CH SM CH SM     
VB-086U 29.34 0 -16 -20 -24 -33 -40 -44 -48 -65 
2008 -89.51 NAVD CH SM CH SM ML SM ML CH 
   -70        
   ML        
VB-087U 29.34 6 -3 -8 -25 -30 -35 -41 -45  
2008 -89.51 NAVD CH SM SP SM SP SM SP  
VB-088U 29.34 13 0 -3 -17 -20 -22 -29 -42 -46 
2008 -89.51 NAVD CH SM SP SM SP CL SM SP 
   -68 -75 -79      
   CH SM ML      
VB-089U 29.34 13 -4 -15 -25 -67 -72 -77   
2008 -89.51 NAVD CH SP SM CH SM CH   
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VB-090U 29.34 1 -3 -31 -35 -59 -72    
2008 -89.51 NAVD CL CH CL CH SM    
VB-091U 29.34 6 -7 -27 -30 -45     
2008 -89.51 NAVD CH SP SM CH     
VB-092U 29.34 13 -5 -10 -23 -65 -69 -78   
2008 -89.51 NAVD CH SP SM CH SM ML   
VB-093U 29.34 13 -7 -8 -13 -16 -18 -38 -55 -59 
2008 -89.50 NAVD CH SM SP CH ML SP CH CL 
   -65 -80       
   CH SM       
VB-094U 29.34 -2 -75        
2008 -89.50 NAVD CH        
VB-095U 29.34 8 3 0 -6 -8 -26 -44   
2008 -89.50 NAVD CH CL CH SM SP CH   
VB-096U 29.34 13 -12 -14 -22 -67 -76 -80   
2008 -89.50 NAVD CH SM SP CH ML SM   
VB-097U 29.33 12 -5 -10 -12 -17 -20 -80   
2008 -89.50 NAVD CH SP SM SP SM CH   
VB-098U 29.33 -2 -65 -67 -71 -75     
2008 -89.50 NAVD CH SM ML CL     
VB-099U 29.33 6 -3 -7 -18 -47     
2008 -89.49 NAVD CH ML SP CH     
VB-100U 29.33 13 9 -5 -7 -11 -21 -23 -27 -32 
2008 -89.49 NAVD CL CH SM SP SM CH ML SM 
   -79        
   CH        
VB-101U 29.33 14 8 0 -17 -22 -30 -68 -77  
2008 -89.49 NAVD CL CH SM SP ML CH SM  
VB-102U 29.33 -1 -10 -13 -18 -25 -43 -45 -63 -70 
2008 -89.49 NAVD CH SM CH CL CH SM CH SM 
   -73        
   ML        
VB-103U 29.33 3 -3 -5 -10 -14 -19 -21 -24 -28 
2008 -89.49 NAVD CH ML CH SM CH ML CH ML 
   -49        
   CH        
VB-104U 29.33 14 -3 -9 -12 -19 -21 -68 -78  
2008 -89.49 NAVD CH SP SM SP SM CH ML  
VB-105U 29.33 13 -3 -13 -19 -35 -42 -65 -73 -76 
2008 -89.49 NAVD CH SP SM CH SM CH SM ML 
VB-106U 29.33 -3 -23 -27 -68 -75     
2008 -89.49 NAVD CH ML CH SP     
VB-107U 29.33 3 -3 -7 -10 -13 -28 -32 -47  
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2008 -89.48 NAVD CH ML CH ML CH CL CH  
VB-108U 29.33 13 -2 -22 -72 -77     
2008 -89.48 NAVD CH SM CH SM     
VB-109U 29.33 5 -15 -21 -24 -89 -108 -115   
2008 -89.48 NAVD CH SP ML CH SM ML   
VB-110U 29.33 -6 -66 -77       
2008 -89.48 NAVD CH CL       
VB-111U 29.33 8 6 -4 -18 -40     
2008 -89.48 NAVD CL CH SP CH     
VB-112U 29.33 13 -2 -24 -26 -68 -78    
2008 -89.48 NAVD CH SM CL CH SM    
VB-113U 29.33 12 -2 -20 -27 -67 -80    
2008 -89.47 NAVD CH SP ML CH SM    
VB-114U 29.33 -1 -8 -15 -18 -68 -72    
2008 -89.47 NAVD SP CH CL CH SM    
VB-115U 29.33 7 3 -1 -7 -21 -45    
2008 -89.47 NAVD CH CL CH SP CH    
VB-116U 29.33 12 -3 -21 -80      
2008 -89.47 NAVD CH SP CH      
VB-117U 29.33 12 -7 -12 -20 -25 -80    
2008 -89.47 NAVD CH SP SM SP CH    
VB-118U 29.33 -1 -4 -10 -17 -22 -67 -71   
2008 -89.47 NAVD CH SP CH CL CH SM   
VB-119U 29.33 6 4 -10 -20 -23 -27 -44   
2008 -89.47 NAVD CL CH SM CH ML CH   
VB-120U 29.33 12 -8 -12 -15 -22 -78    
2008 -89.47 NAVD CH SM SP SM CH    
VB-121U 29.33 12 -5 -9 -13 -15 -24 -81   
2008 -89.47 NAVD CH SP SM SP SM CH   
VB-122U 29.33 -1 -7 -70 -74      
2008 -89.47 NAVD SP CH CL      
VB-123U 29.34 7 3 -3 -8 -14 -17 -27 -30 -45 
2008 -89.46 NAVD CL CH SP SM CL CH CL CH 
VB-124U 29.34 12 8 -5 -7 -20 -28 -32 -80  
2008 -89.46 NAVD CL CH SP SM CH ML CH  
VB-125U 29.34 13 11 -2 -6 -21 -30 -35 -78  
2008 -89.46 NAVD CL CH SP SM CH ML CH  
VB-126U 29.34 1 -70        
2008 -89.46 NAVD CH        
VB-127U 29.34 8 -3 -13 -22 -25 -28 -32 -45  
2008 -89.46 NAVD CH SM CH ML CH SM CH  
VB-128U 29.34 13 0 -20 -25 -27 -30 -33 -80  
2008 -89.46 NAVD CH SM CH ML CH CL CH  
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VB-129U 29.34 13 10 -5 -10 -12 -22 -80   
2008 -89.46 NAVD ML CH SP SM SP CH   
VB-130U 29.34 1 -3 -6 -9 -17 -20 -72   
2008 -89.46 NAVD CL CH ML CH ML CH   
MR-05-02 29.45 -22 -23 -24 -25 -26 -27 -29 -31 -32 
2005 -89.61 NGVD SP CL SP CL ML CL SP ML 
   -34 -35 -36 -41     
   CL ML CL SP     
MR-05-03 29.45 -39 -56        
2005 -89.60 NGVD SP        
BPW-5 29.59 -56 -113 -116       
1983 -89.83 NGVD SP SM       
BPW-4 29.59 -47 -57 -64 -80 -106 -109    
1983 -89.83 NGVD SP CL SP SM SP    
BPW-3 29.59 -49 -67 -110       
1983 -89.82 NGVD SP SM       
BPW-1A 29.58 -43 -54 -58       
1983 -89.83 NGVD SP CL       
BPW-1B 29.59 -47 -55        
1983 -89.83 NGVD SP        
BPW-2 29.59 -34 -38 -45 -59 -75 -84 -93   
1983 -89.82 NGVD SP SM SP SM SP CH   
BPW-1 29.58 -36 -84 -97       
1983 -89.81 NGVD SP SM       
RB-1 29.59 -45 -79 -85       
2007 -89.83 NAVD SP SC       
RB-2 29.59 -37 -77        
2007 -89.82 NAVD SP        
RB-3 29.58 -55 -61 -95       
2007 -89.81 NAVD SP SP-SM       
LHMC-4 29.58 0 -1 -3 -5 -8 -10 -20 -26 -40 
2007 -89.87 NAVD PT CL ML SC CL CH ML CL 
LHMC-5 29.57 0 -2 -7 -11 -50     
2007 -89.86 NAVD PT CH CL CH     
LHMC-6 29.56 0 -4 -20 -40      
2007 -89.86 NAVD PT CL CH      
LHMC-7 29.55 0 -1 -9 -14 -40     
2007 -89.86 NAVD PT CL SP CH     
LHMC-8 29.55 0 -2 -6 -9 -11 -36 -41 -50  
2007 -89.86 NAVD PT CL ML CL CH CL CH  
LHMC-9 29.56 0 -4 -9 -11 -35 -40    
2007 -89.85 NAVD PT CH CL CH CL    
LHMC-10 29.56 0 -3 -4 -7 -12 -16 -21 -26 -40 
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2007 -89.84 NAVD PT OH CL SM CL CH CL SM 
LHMC-11 29.55 0 -5 -11 -13 -15 -30 -36 -45 -50 
2007 -89.85 NAVD PT CL CH CL CH ML CL CH 
LHMC-12 29.55 0 -2 -9 -12 -31 -40    
2007 -89.84 NAVD CL ML CL CH CL    
LHMC-13 29.57 0 -10 -12 -26 -40 -50    
2007 -89.80 NAVD CL PT CH CL ML    
CV-R-61 29.67 3 -58 -63 -66 -68 -71 -73 -76 -88 
1969 -89.96 NGVD ML SM SP CL ML SM SP SM 
   -91 -96 -101 -103 -106 -108 -113 -126 
   CH SM ML SP SM CH SP CH 
CV-MH 29.67 15 8 -2 -7 -12 -17 -22 -29 -44 
1970 -89.96 NGVD CL CH CL CH ML CH ML ML 
CV-E-66 29.74 5 2 -4 -14 -16 -36 -41 -93 -95 
1972 -90.00 NGVD ML CH ML CH SM SP CH ML 
   -107 -128       
   CH SP       
CV-R-66 29.74 6 -38 -105 -124      
1969 -90.00 NGVD ML CH SP      
CV-R-67 29.75 9 -64 -79 -102 -121     
1970 -90.01 NGVD CH SM CH SP     
CV-W-65 29.72 6 -17 -54 -59 -62 -94    
1982 -89.99 NGVD ML CH CL SP SM    
CV-R-65 29.72 4 -7 -57 -67 -102 -117 -135   
1969 -89.99 NGVD CL CH SM SP CH SM   
SR_5-1 29.70 -43 -83        
2007 -89.98 NGVD SP        
SR_5-2 29.71 -43 -83        
2007 -89.98 NGVD SP        
SR_5-5 29.67 0 -7 -9 -17 -22 -25 -27 -28 -33 
2007 -89.98 NGVD CH CL CH CL CH CL SP SM 
   -40        
   SP        
SR_5-3 29.72 -45 -85        
2007 -89.99 NGVD SP        
SR_5-6 29.70 0 -5 -7 -12 -16 -22 -24 -26 -30 
2007 -89.99 NGVD CL CH CL CH CL ML 
CL-
ML OH 
   -32 -34 -40      
   CH OH CH      
MB-M-1 29.62 -2 -4 -10 -12 -14 -16 -20 -27 -32 
2013 -89.96 NAVD PT CH CL SM ML CH SP CH 
   -35 -50 -55 -60 -62    
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   SP ML SM ML CL    
MB-M-2 29.60 -2 -6 -12 -16 -45 -50 -55 -62  
2013 -89.97 NAVD PT CH ML CH ML CL ML  
MB-M-3 29.61 -3 -7 -36 -41 -51 -63    
2013 -89.99 NAVD PT CH CL ML CH    
MB-M-4 29.61 -3 -6 -11 -13 -15 -17 -19 -21 -46 
2013 -90.01 NAVD CH PT CH PT CL ML CL CH 
   -51 -56 -61 -63     
   CL CH SM CL     
MB-M-5 29.62 -3 -7 -9 -13 -15 -20 -21 -26 -31 
2013 -89.98 NAVD PT CH PT CH CL SP SM CH 
   -32 -36 -41 -42 -56 -61 -63  
   SP CL SM ML CL ML CL  
MB-M-6 29.62 -3 -7 -11 -13 -63     
2013 -90.00 NAVD PT CH PT CH     
MB-M-7 29.63 -2 -4 -12 -14 -16 -20 -62   
2013 -90.01 NAVD PT CH PT CH CL CH   
MB-M-8 29.64 -2 -6 -12 -16 -35 -40 -45 -55 -62 
2013 -90.02 NAVD PT CH PT CH ML SM SC CH 
MB-M-9 29.65 -1 -3 -5 -9 -13 -81    
2013 -90.00 NAVD CH PT CH CL CH    
MB-M-10 29.64 -1 -3 -5 -7 -34 -44 -54 -81  
2013 -89.99 NAVD CH PT CH CL CH CL CH  
MB-M-11 29.64 -2 -4 -8 -10 -12 -14 -16 -55 -59 
2013 -90.00 NAVD PT CH PT CH PT CL CH CL 
   -62        
   CH        
MB-M-12 29.64 -2 -4 -6 -14 -16 -35 -45 -50 -55 
2013 -89.99 NAVD CH PT CH PT CL CH SC CH 
   -60 -82       
   CL CH       
MB-M-13 29.64 -2 -6 -18 -20 -25 -30 -35 -45 -82 
2013 -89.98 NAVD PT CH SM SC CL CH CL CH 
MB-M-14 29.63 -1 -5 -12 -13 -15 -34 -35 -44 -59 
2013 -89.98 NAVD PT CH ML CL CH SM ML SM 
   -60 -64 -81      
   CH ML CH      
MB-M-15 29.63 -2 -4 -10 -14 -16 -31 -40 -41 -45 
2013 -89.98 NAVD PT CH PT CL CH CL SM CH 
   -50 -55 -62      
   ML CL CH      
MB-M-16 29.63 -2 -14 -16 -35 -40 -82    
2013 -89.97 NAVD CH SM CH ML CH    
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BR-B-1A 29.67 6 -15 -38 -44 -46 -62 -70 -80  
2013 -89.96 NAVD CL ML CL ML SP CL SP  
BR-B-2A 29.66 5 -8 -37 -40 -62 -63 -75 -80  
2013 -89.96 NAVD CL ML CL ML CL ML SM  
BR-B-4A 29.66 5 -10 -25 -30 -45 -48 -72 -75 -83 
2013 -89.96 NAVD CL ML CL ML CL ML CL ML 
BR-FV-2 29.65 4 -136        
2013 -89.98 NAVD CH        
BR-FV-3 29.65 1 -17 -25 -40 -47 -131    
2013 -89.98 NAVD CH ML CL SM CH    
BR-FV-4 29.66 1 -5 -23 -35 -55 -131    
2013 -89.97 NAVD CH CL CH CL CH    
BR-12A 29.66 3 -14 -83       
2013 -89.96 NAVD CL ML       
BR-13A 29.66 15 -7 -13 -17 -20 -37 -44 -87  
2013 -89.96 NAVD CL ML CL ML CL ML CL  
BR-16A 29.66 17 2 -5 -23 -35 -40 -44 -50 -55 
2013 -89.96 NAVD CL ML CH CL SM CL SM CL 
   -65 -70 -80 -84     
   SM CL SM ML     
BR-17A 29.65 16 3 -7 -25 -30 -35 -45 -61 -68 
2013 -89.96 NAVD CL ML CL SM ML CL SM CL 
   -81 -86       
   SM CL       
BR-IS-1A 29.67 16 2 -5 -15 -23 -33 -37 -42 -60 
2013 -89.96 NAVD CL ML SM ML SM SC ML SC 
   -68 -85       
   SM SC       
BR-IS-2A 29.67 16 -23 -30 -42 -47 -53 -65 -75 -85 
2013 -89.96 NAVD CL ML CL SM CL SM CL SM 
BR-IS-3A 29.67 16 -4 -10 -18 -26 -30 -37 -46 -63 
2013 -89.96 NAVD CL ML CL SM SP SM ML SM 
   -71 -77 -84      
   CL CH CL      
BR-IS-7A 29.66 3 -2 -5 -10 -62 -73 -82   
2013 -89.96 NAVD CL CH CL ML CL SP   
BR-IS-
10C 29.66 3 -12 -25 -32 -47 -68 -77 -90 -98 
2013 -89.96 NAVD CL ML SM CL ML SM ML SM 
   -132 -149       
   SP CL       
BR-IS-9A 29.66 16 -1 -5 -20 -27 -30 -50 -57 -68 
2013 -89.96 NAVD CL ML CL ML CL ML SM ML 
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   -85        
   SC        
BR-M-01 29.62 -2 -4 -12 -15 -20 -27 -32 -35 -40 
2013 -89.96 NAVD PT CH SM CH SP CH SM SC 
   -50 -55 -62      
   ML SM ML      
BR-M-02 29.60 -2 -5 -12 -16 -45 -50 -55 -62  
2013 -89.97 NAVD PT CH ML CH ML CL ML  
BR-M-03 29.61 -3 -6 -35 -40 -50 -63    
2013 -89.99 NAVD PT CH CL ML CH    
BR-M-04 29.61 -3 -6 -15 -20 -46 -50 -55 -63  
2013 -90.01 NAVD CH PT CL CH CL CH SM  
BR-M-05 29.62 -3 -13 -15 -20 -25 -35 -42 -55 -60 
2013 -89.98 NAVD PT CH CL SM CH SM CL ML 
   -63        
   CL        
BR-M-06 29.62 -3 -7 -63       
2013 -90.00 NAVD PT CH       
BR-M-07 29.63 -2 -4 -12 -14 -16 -20 -62   
2013 -90.01 NAVD PT CH PT CH CL CH   
BR-M-08 29.64 -2 -6 -12 -16 -35 -40 -45 -55 -62 
2013 -90.02 NAVD PT CH PT CH ML SM SC CH 
BR-M-09 29.65 -1 -5 -81       
2013 -90.00 NAVD PT CH       
BR-M-10 29.64 -1 -5 -34 -44 -54 -80    
2013 -89.99 NAVD PT CL CH CL CH    
BR-M-11 29.64 -2 -4 -8 -14 -16 -55 -60 -62  
2013 -90.00 NAVD PT CH PT CL CH CL CH  
BR-M-12 29.64 -2 -13 -30 -40 -43 -50 -54 -61  
2013 -89.99 NAVD PT CH CL CH ML CL CH  
BR-M-13 29.64 -2 -5 -17 -20 -25 -30 -35 -44 -81 
2013 -89.98 NAVD PT CH SM SC CL CH CL CH 
BR-M-14 29.63 -1 -3 -12 -15 -34 -43 -58 -63 -81 
2013 -89.98 NAVD PT CH CL CH ML SM ML CH 
BR-M-15 29.63 -2 -4 -10 -13 -31 -39 -43 -50 -54 
2013 -89.98 NAVD PT CH PT CH CL CH ML CL 
   -62        
   CH        
BR-M-16 29.63 -2 -35 -40 -81      
2013 -89.97 NAVD CH ML CH      
NL-3A 29.65 -4 -12 -14 -15 -16 -18 -24 -25 -26 
2013 -89.98 NAVD CH CL CH PT CH ML CL ML 
   -71 -72 -116 -118 -120 -136   
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   CH CL CH SP SC CH   
NL-6A 29.65 1 -5 -9 -10 -11 -12 -14 -15 -16 
2013 -89.98 NAVD CH CL ML CH ML SM CH SC 
   -17 -18 -19 -20 -23 -24 -25 -29 
   SM CH ML SM ML SP CH SM 
   -32 -33 -35 -37 -41 -42 -48 -50 
   ML SC CL ML CL SP SC CH 
   -52 -116 -119 -131     
   CL CH CL CH     
NL-8A 29.66 1 -5 -12 -14 -16 -18 -20 -21 -22 
2013 -89.97 NAVD CH CL SM CL SM ML CL ML 
   -25 -31 -32 -33 -35 -44 -45 -46 
   CL CH SM CL CH CL CH SM 
   -52 -87 -88 -107 -109 -113 -117 -119 
   CL CH CL CH SC CH SM CH 
   -121 -131       
   CL CH       
NL-9A 29.66 3 -7 -9 -15 -17 -29 -37 -43 -48 
2013 -89.97 NAVD CL ML CL ML CL ML SM ML 
   -50 -52 -55 -58 -60 -63 -88 -90 
   SC SM ML SC SM ML SM SC 
   -93 -103 -105 -107 -127    
   ML SM ML SM CH    
BR-R-1A 29.67 -53 -57 -73 -78 -89     
2013 -89.96 NAVD SM SP SM SP     
BR-R-2A 29.66 -46 -59 -61 -93      
2013 -89.96 NAVD SP SM SP      
BR-R-3A 29.66 -48 -61 -63 -123 -125 -140 -145 -150 -160 
2013 -89.96 NAVD SP SM SP CH CL ML CL CH 
   -164 -200       
   ML CH       
BR-R-4A 29.66 -47 -49 -93       
2013 -89.96 NAVD ML SP       
BR-R-5A 29.66 -53 -75 -80 -92      
2013 -89.96 NAVD SP SM SP      
BR-R-6A 29.66 -53 -68        
2013 -89.96 NAVD SP        
MB-B-1A 29.67 6 5 4 -1 -2 -4 -5 -8 -10 
2013 -89.96 NAVD CL ML CL SM CL CH CL ML 
   -14 -15 -16 -19 -21 -39 -40 -43 
   CL ML CL ML CL ML CL SM 
   -47 -62 -65 -66 -68 -80   
   CL ML SM CL CH SP   
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MB-B-2A 29.66 5 -4 -5 -8 -38 -41 -63 -66 -76 
2013 -89.96 NAVD CL CH CL ML CL ML CL ML 
   -80        
   SM        
MB-B-4A 29.66 5 -8 -9 -10 -11 -26 -31 -44 -48 
2013 -89.96 NAVD CL SM CH CL ML CL ML CL 
   -73 -76 -82      
   ML CL ML      
IS-12A 29.66 3 -8 -9 -10 -14 -16 -29 -31 -61 
2013 -89.96 NAVD CL SM CL ML SM ML SM ML 
   -67 -83       
   CL ML       
IS-13A 29.66 15 0 -1 -6 -7 -8 -12 -18 -21 
2013 -89.96 NAVD CL ML CL CH CL ML CL 
M
L 
   -28 -29 -33 -34 -38 -42 -43 -44 
   CL ML CL SC CL ML CL CH 
   -46 -51 -52 -59 -60 -61 -65 -70 
   ML CL ML CL CH CL CH CL 
   -71 -73 -75 -77 -80 -85 -87  
   CH CL ML CL ML CL SM  
IS-16A 29.66 17 13 11 7 5 3 -3 -6 -9 
2013 -89.96 NAVD CL ML CL CH CL ML CL CH 
   -17 -22 -24 -26 -29 -32 -35 -41 
   CL CH CL SM CL SM CL SM 
   -44 -51 -52 -55 -65 -69 -71 -76 
   CL SM CL CH SM CL SC CL 
   -80 -84       
   SM ML       
IS-17A 29.65 16 14 12 3 -7 -12 -14 -24 -30 
2013 -89.96 NAVD SP ML CL ML CL ML CL SM 
   -34 -36 -41 -46 -61 -67 -77 -79 
   ML CL SM CL SM ML SM CL 
   -81 -84 -86      
   SM CH CL      
IS-1A 29.67 16 15 2 -6 -13 -21 -24 -28 -29 
2013 -89.96 NAVD SP CL ML SM ML SM CL SM 
   -31 -32 -34 -37 -43 -48 -50 -52 
   ML SM CL SC ML SC SM ML 
   -60 -68 -70 -72 -75 -78 -80 -83 
   SC SM SC SP SC ML SM SC 
   -85        
   SM        
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IS-2A 29.67 16 6 5 4 -8 -11 -12 -13 -14 
2013 -89.96 NAVD CL ML SP CL SM CL SM ML 
   -16 -17 -19 -23 -24 -29 -33 -37 
   CL CH SM CL ML SM ML CL 
   -40 -42 -44 -49 -53 -54 -56 -59 
   SM CL ML SM CL SP ML SM 
   -61 -66 -75 -78 -85    
   SP SM CL ML SM    
IS-3A 29.67 16 -5 -9 -16 -19 -25 -27 -30 -37 
2013 -89.96 NAVD CL ML CL CH SM ML SP SM 
   -42 -44 -47 -54 -57 -59 -62 -64 
   ML SM ML SM CH SM ML SM 
   -74 -77 -82 -84     
   CL CH CL SM     
IS-7A 29.66 3 -1 -5 -9 -15 -17 -62 -65 -71 
2013 -89.96 NAVD CL CH CL ML CL ML CL ML 
   -72 -75 -78 -80 -82    
   CL SM SP CL SP    
IS-8A 29.66 3 1 0 -3 -4 -7 -8 -12 -14 
2013 -89.96 NAVD CL CH CL CH CL SM CL ML 
   -15 -25 -27 -28 -33 -39 -41 -43 
   CL ML SM ML SM CL CH SM 
   x -48 -50 -51 -54 -56 -58 -60 
   ML CL ML SM ML SM ML SM 
   -68 -71 -73 -77 -90 -92 -97 -102 
   ML SM ML SM ML CL SM SP 
   -106 -117 -121 -132 -144 -145 -147 -149 
   CH SP SM SP CL SC SM SP 
IS-9A 29.66 16 15 13 12 3 2 0 -1 -2 
2013 -89.96 NAVD SP CL CH CL CH CL ML CL 
   -6 -10 -11 -12 -13 -14 -21 -27 
   ML CL SC ML SM ML CL ML 
   -30 -34 -36 -42 -44 -50 -58 -68 
   CL ML CL ML CL ML SM ML 
   -73 -76 -78 -81 -83 -85   
   SC ML SC ML SC CL   
PT-1 29.65 -4 -14 -16 -19 -22 -24 -26 -28 -38 
2013 -89.99 NAVD CL ML CL SM ML CH CL ML 
   -44 -46       
   CL CH       
PT-2 29.66 4 -5 -37 -39 -55 -61 -65 -71 -73 
2013 -89.97 NAVD CL ML SM ML CL ML CL ML 
   -77        
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   CL        
PZ-1 29.65 -4 -12 -17 -18 -22 -32 -37 -49  
2013 -89.99 NAVD CL CH CL SM CL SM CL  
PZ-2 29.65 -4 -17 -22 -27 -28 -49    
2013 -89.99 NAVD CL CH CL CH CL    
PZ-3 29.65 -4 -18 -22 -27 -28 -37 -42 -47 -49 
2013 -89.99 NAVD CL SM CL CH SM ML CL CH 
PZ-4 29.65 -4 -7 -12 -17 -22 -23 -27 -32 -33 
2013 -89.99 NAVD CL CH CL SM CL SP ML CL 
   -37 -42 -49      
   SP CL CH      
PZ-5 29.65 -2 -19 -23 -27 -32 -42 -49   
2013 -89.99 NAVD CL CH CL CH SM CL   
PZ-6 29.65 -4 -12 -22 -27 -32 -42 -47 -49  
2013 -89.99 NAVD CL CH CL CH ML CH CL  
PZ-7 29.66 3 -11 -15 -20 -30 -40 -45 -52  
2013 -89.97 NAVD CL ML CL CH CL ML CL  
PZ-8 29.66 3 0 -6 -55 -57     
2013 -89.97 NAVD CH CL ML CL     
PZ-9 29.66 4 -5 -11 -20 -35 -50 -52   
2013 -89.97 NAVD CH CL ML CL ML CL   
PZ-10 29.66 4 1 -10 -20 -24 -46    
2013 -89.97 NAVD CH CL ML SM ML    
PZ-11 29.66 4 1 -4 -44 -51     
2013 -89.97 NAVD ML CH ML CL     
PZ-12 29.66 3 -67        
2013 -89.97 NAVD CL        
PZ-13 29.65 -5 -8 -13 -18 -28 -33 -38 -65  
2013 -89.99 NAVD CH MH CL CH ML CL CH  
PZ-14 29.65 -4 -7 -12 -17 -64     
2013 -89.98 NAVD SC CH CL CH     
PZ-15 29.66 1 -32 -48 -52 -57 -59    
2013 -89.97 NAVD CH ML CH CL CH    
PZ-16 29.66 0 -63 -80       
2013 -89.96 NAVD CL ML       
GEO-1A 29.67 -53 -56 -71 -74 -88     
2013 -89.96 NAVD SM SP SM SP     
GEO-2A 29.66 -46 -59 -61 -93      
2013 -89.96 NAVD SP SM SP      
GEO-3A 29.66 -48 -50 -63 -68 -128 -130 -140 -142 -146 
2013 -89.96 NAVD CL SP SM SP CH CL ML SM 
   -149 -151 -154 -160 -163 -170 -200  
   CL CH CL CH CL ML CH  
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GEO-4A 29.66 -46 -49 -93       
2013 -89.96 NAVD ML SP       
GEO-5A 29.66 -53 -75 -80 -89      
2013 -89.96 NAVD SP SM SP      
GEO-6A 29.66 -54 -68        
2013 -89.96 NAVD SP        
BPW-1 29.73 -36 -84 -96       
1983 -90.00 NGVD SP SM       
BW-2A 29.73 -37 -55 -57       
1988 -89.99 NGVD SP CH       
BPW-3 29.72 -49 -68 -110       
1983 -89.99 NGVD SP SM       
BPW-4 29.72 -47 -57 -62 -80 -107     
1983 -89.99 NGVD SP CL SP SM     
BPW-5 29.72 -56 -114 -117       
1983 -89.99 NGVD SP SM       
BW-6 29.71 -42 -72 -75 -99 -105 -112    
1988 -89.99 NGVD SP SM SP SM CH    
BW-7 29.71 -40 -85 -88 -98 -110     
1988 -89.98 NGVD SP SM SP CH     
BPW-2 29.70 -34 -40 -44 -60 -75 -85 -93   
1983 -89.98 NGVD SP SM SP SM SP CH   
BW-2W 29.70 -36 -75        
1988 -89.98 NGVD SP        
BW-3B 29.70 -39 -56        
1988 -89.98 NGVD SP        
BW-3A 29.70 -47 -73        
1988 -89.98 NGVD SP        
BW-4A 29.70 -37 -50 -52 -55 -57     
1988 -89.98 NGVD SP SM CL CH     
BW-5A 29.70 -49 -63 -67       
1988 -89.98 NGVD SP SM       
BW-11 29.71 -40 -50 -52       
1988 -89.98 NGVD SP SM       
BW-11W 29.71 -40 -55 -63       
1988 -89.98 NGVD SP SM       
BW-12 29.71 -37 -47        
1988 -89.99 NGVD SP        
BW-13 29.71 -49 -57 -60 -67      
1988 -89.98 NGVD SP SM SP      
BW-17 29.71 -44 -56        
1988 -89.99 NGVD SP        
BW-20 29.72 -47 -56        
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1988 -89.99 NGVD SP        
BW-23 29.72 -51 -63 -65       
1988 -89.99 NGVD SP SM       
BW-23W 29.72 -50 -64 -69 -72      
1988 -89.99 NGVD SP SM SP      
BW-24 29.72 -45 -55        
1988 -89.99 NGVD SP        
BW-25 29.72 -59 -63 -68 -72      
1988 -89.99 NGVD SP SM CH      
BW-25A 29.72 -58 -62 -64       
1988 -89.99 NGVD SP SM       
BW-25B 29.72 -58 -66 -68 -70 -73     
1988 -89.99 NGVD SP SM CH SM     
VB1062-1 29.65 -18 -28 -31 -35 -39 -43 -50 -52 -58 
2006 -89.96 NAVD ML CH SM CH ML CH ML CH 
VB1062-2 29.66 -33 -37 -43 -44 -45 -53 -55 -70 -73 
2006 -89.96 NAVD CL CH ML CL SM CH SM CL 
VB1062-3 29.67 -27 -34 -37 -67      
2006 -89.96 NAVD CL ML SM      
VB1062-4 29.65 -1 -5 -7 -9 -41     
2006 -90.02 NAVD CH OH ML CH     
VB1062-5 29.65 -2 -7 -12 -26 -62     
2006 -90.01 NAVD PT CH ML CH     
VB1062-6 29.66 0 -3 -10 -14 -40     
2006 -90.01 NAVD PT CH ML CH     
VB1062-7 29.65 -3 -8 -15 -43      
2006 -90.00 NAVD PT ML CH      
VB1062-8 29.64 -2 -12 -16 -42      
2006 -90.00 NAVD PT ML CH      
VB1061-1 29.65 -18 -28 -32 -35 -39 -43 -50 -52 -58 
2006 -89.96 NAVD ML CH SM CH ML CH ML CH 
VB1061-2 29.66 -33 -37 -43 -44 -45 -53 -55 -70 -73 
2006 -89.96 NAVD CL CH ML CL SM CH SM CL 
VB1061-3 29.67 -27 -34 -37 -67      
2006 -89.96 NAVD CL ML SM      
VB1975-1 29.70 -47 -87        
2007 -89.98 NAVD SP        
VB1975-2 29.71 -46 -86        
2007 -89.98 NAVD SP        
VB1975-3 29.72 -52 -92        
2007 -89.99 NAVD SP        
VB1975-5 29.67 0 -7 -8 -20 -22 -24 -26 -28 -32 
2007 -89.99 NAVD CH CL CH CL CH CL SP SM 
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   -40        
   SP        
VB1975-6 29.70 0 -4 -6 -12 -16 -23 -25 -27 -30 
2007 -89.99 NAVD CL CH CL CH CL ML CL-ML OH 
   -32 -34 -40      
   CH OH CH      
VB-B1 29.74 -39 -41 -53 -61 -63 -95 -110 -124  
2012 -90.00 NAVD SP-SM SM SP-SM CL SM CH SP-SM  
VB-B3 29.74 -45 -58 -85 -97 -110 -114 -120   
2012 -90.00 NAVD SP SP-SM SM SP-SM CH SM   
VB-B4 29.72 -50 -119        
2012 -89.99 NAVD SP        
VB-B5 29.71 -50 -52 -82 -95 -102 -112 -122 -124  
2012 -89.99 NAVD SM SP SP-SM SC CL CH SM  
VB-B8 29.66 -57 -61 -82 -92 -107 -124    
2012 -89.96 NAVD SP SP-SM SP SP-SM SP    
VB-B9 29.66 -61 -65 -73 -79 -90 -127    
2012 -89.96 NAVD SP-SM SP SM SP SP-SM    
BF-3U 29.66 2 -46 -50 -61 -70 -80    
2003 -89.97 NAVD CH SM CH SP CH    
BF-6U 29.65 2 -10 -80       
2003 -89.99 NAVD CL CH       
BF-3 29.66 3 -5 -24       
2003 -89.97 NAVD CL CH       
BF-2 29.66 3 1 -10       
2003 -89.97 NAVD CH CL       
BF-5 29.66 3 -10 -14 -22      
2003 -89.97 NAVD CL CH CL      
BF-1 29.66 3 -3        
2003 -89.97 NAVD CL        
BF-4 29.66 3 1 -4 -10      
2003 -89.97 NAVD CL CH CL      
BF-63CU 29.65 7 -1 -3 -12 -14 -20 -21 -61  
2003 -89.99 NAVD CH CL CH ML CH ML CH  
BF-64PU 29.65 -4 -8 -18 -30 -34 -56    
2003 -89.99 NAVD CH CL CH ML CH    
BF-65 29.65 -4 -7 -12 -14 -17 -20 -28 -33 -35 
2003 -89.99 NAVD CH SM CH CL ML CH CL ML 
   -55        
   CH        
BF-66CU 29.64 6 4 2 0 -15 -18 -21 -23 -30 
2003 -89.99 NAVD CL CH CL CH ML CH ML CH 
   -38 -42 -63      
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   SM CL CH      
BF-67CU 29.64 5 -20 -23 -28 -35 -84    
2003 -89.99 NAVD CH SM CH ML CH    
BF-68PU 29.64 -4 -20 -23 -29 -35 -56    
2003 -89.99 NAVD CH ML CH SM CH    
BF-69 29.64 -5 -13 -16 -22 -28 -35 -57   
2003 -89.99 NAVD CH CL SM CH ML CH   
BF-60.9 29.66 4 -3 -8 -45 -50 -63 -137   
1969 -89.96 NGVD ML CL ML SM CH SP   
BF-60.4 29.66 4 -3 -80 -85 -108 -123 -130 -138 -145 
1969 -89.96 NGVD CH ML SM ML CH SM SP SM 
BF-69MH 29.66 4 -3 -11 -18 -28 -36 -38 -41 -48 
1969 -89.96 NGVD CH CL ML CH ML CH CL ML 
   -56        
   CL        
VB-B-1 29.63 -2 -8 -14 -32      
2009 -90.05 NAVD OH CL CH      
VB-B-2 29.62 -1 -5 -32       
2009 -90.03 NAVD OH CH       
VB-B-3 29.63 -1 -5 -17 -27 -41     
2009 -90.05 NAVD PT CL CH ML     
VB-B-4 29.63 -1 -3 -5 -27 -37 -40    
2009 -90.04 NAVD PT OH CH ML CH    
VB-B-5 29.63 0 -7 -23 -36 -42 -46 -60   
2009 -90.04 NAVD PT CH CL ML CL CH   
VB-B-6 29.63 -2 -4 -43 -48 -62     
2009 -90.04 NAVD PT CH MH CH     
VB-B-7 29.62 -2 -6 -7 -10 -12 -23 -28 -37 -42 
2009 -90.04 NAVD PT CH CL OH CL ML CH CL 
VB-B-8 29.62 -2 -6 -9 -12 -23 -33 -42   
2009 -90.03 NAVD PT CH MH ML CH CL   
VB-B-9 29.62 -3 -7 -9 -11 -13 -17 -23 -33 -43 
2009 -90.03 NAVD PT CH PT CL CH ML CH ML 
   -51 -53 -63      
   CH ML CH      
VB-1CU 29.70 9 -4 -8 -12 -20 -23 -60   
2009 -89.99 NAVD CH CL CH ML CL CH   
VB-2PU 29.70 2 -12 -15 -19 -22 -50    
2009 -89.99 NAVD CH CL ML CL CH    
VB-3CU 29.70 7 -12 -23 -32 -37 -61    
2009 -89.99 NAVD CH CL CH ML CH    
VB-4PU 29.70 -2 -11 -13 -17 -22 -27 -34 -37 -53 
2009 -89.99 NAVD CH ML CL ML CH ML SM CH 
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VB-5PCU 29.70 -1 -13 -18 -22 -23 -28 -30 -32 -37 
2009 -89.99 NAVD CH SM CH CL CH ML CH CL 
   -53        
   CH        
VB-06CU 29.70 5 -11 -20 -63      
2009 -89.99 NAVD CH CL CH      
VB-7CU 29.70 4 -9 -11 -19 -65     
2009 -90.00 NAVD CH CL ML CH     
VB-8PU 29.70 -3 -11 -15 -17 -55     
2009 -90.00 NAVD CH ML CL CH     
VB-9PCU 29.70 -4 -8 -12 -14 -16 -56    
2009 -90.00 NAVD CH CL SM CL CH    
VB-10PU 29.70 -4 -12 -15 -17 -20 -56    
2009 -90.00 NAVD CH ML CH PT CH    
VB-11CU 29.70 3 -2 -6 -10 -14 -17 -27 -30 -33 
2009 -90.00 NAVD CH ML CH SM CL CH SM CL 
   -65        
   CH        
VB-12PU 29.70 -4 -12 -16 -18 -28 -32 -55   
2009 -90.00 NAVD CH CL PT CH ML CH   
VB-13 29.70 -5 -9 -15 -17 -28 -33 -57   
2009 -90.00 NAVD CH CL PT CH SM CH   
VB-14CU 29.69 5 -8 -12 -15 -18 -20 -27 -30 -64 
2009 -90.00 NAVD CH CL ML CH ML PT SM CH 
VB-15CU 29.69 5 1 -8 -13 -27 -32 -37 -83  
2009 -90.01 NAVD ML CH ML CH SM CL CH  
VB-16PU 29.69 -4 -7 -10 -16 -25 -30 -32 -34 -38 
2009 -90.01 NAVD CL ML CL CH ML CL ML CL 
   -56        
   CH        
VB-17 29.69 -4 -12 -14 -17 -19 -28 -36 -55  
2009 -90.01 NAVD CH CL CH ML CH ML CH  
VB-18PU 29.69 -4 -6 -16 -56      
2009 -90.00 NAVD CH CL CH      
VB-19CU 29.69 4 2 0 -8 -12 -65    
2009 -90.00 NAVD CH CL CH ML CH    
VB-20PU 29.69 -4 -6 -8 -10 -14 -30 -32 -57  
2009 -90.00 NAVD CH ML CL ML CH CL CH  
VB-21 29.69 -4 -10 -15 -17 -21 -30 -55   
2009 -90.00 NAVD CH ML CL CH ML CH   
VB-22CU 29.69 5 2 -9 -13 -17 -30 -34 -64  
2009 -90.00 NAVD CL CH SM CL CH CL CH  
VB-23CU 29.69 5 3 -8 -15 -33 -42 -82   
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2009 -90.00 NAVD CL CH SM CH ML CH   
VB-24PU 29.69 -3 -8 -12 -15 -18 -21 -31 -37 -40 
2009 -90.00 NAVD CH ML CL CH ML CH ML CL 
   -44 -55       
   ML CH       
VB-25 29.69 -3 -10 -17 -20 -30 -32 -35 -47 -55 
2009 -90.00 NAVD CH CL ML CH SM ML CL CH 
VB-26PU 29.68 -4 -10 -16 -40 -45 -56    
2009 -90.00 NAVD CH CL CH CL CH    
VB-27CU 29.68 5 2 -9 -15 -22 -25 -62   
2009 -89.99 NAVD CL CH ML CH ML CH   
VB-28PU 29.68 -3 -12 -15 -55      
2009 -89.99 NAVD CH CL CH      
VB-
29PCU 29.68 -4 -9 -12 -16 -22 -24 -56   
2009 -89.99 NAVD CH ML CL CH ML CH   
VB-30CU 29.68 -4 -10 -12 -18 -72     
2009 -89.99 NAVD CH ML CL CH     
VB-31CU 29.68 -4 -8 -13 -16 -46 -52 -91   
2009 -90.00 NAVD CH ML CL CH CL CH   
VB-32CU 29.68 -4 -8 -11 -16 -26 -28 -30 -38 -40 
2009 -90.00 NAVD CH ML CL CH ML CL ML CL 
   -55        
   CH        
VB-33CU 29.67 -3 -8 -14 -25 -30 -41 -55   
2009 -90.00 NAVD CH CL CH ML CL CH   
VB-34CU 29.67 -3 -15 -23 -32 -37 -44 -55   
2009 -90.00 NAVD CL CH ML SM CL CH   
VB-35CU 29.67 -4 -16 -19 -33 -41 -92    
2009 -90.00 NAVD CL CH SM SP CH    
VB-36CU 29.67 -2 -23 -31 -36 -39 -45 -54   
2009 -90.01 NAVD CH ML CL CH CL CH   
VB-37CU 29.67 -5 -8 -12 -30 -33 -57    
2009 -90.01 NAVD CH CL CH CL CH    
VB-38CU 29.67 -4 -10 -13 -20 -24 -55    
2009 -90.01 NAVD CH CL CH ML CH    
VB-39CU 29.67 4 -63        
2009 -90.01 NAVD CH        
VB-40PU 29.67 -4 -56        
2009 -90.01 NAVD CH        
VB-41 29.67 -5 -8 -15 -57      
2009 -90.01 NAVD PT CL CH      
VB-42CU 29.67 5 -25 -28 -64      
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2009 -90.01 NAVD CH ML CH      
VB-43CU 29.67 6 -3 -6 -82      
2009 -90.01 NAVD CH CL CH      
VB-44PU 29.67 -4 -8 -14 -32 -35 -56    
2009 -90.01 NAVD CH CL CH CL CH    
VB-45 29.67 -4 -8 -12 -20 -22 -56    
2009 -90.01 NAVD CH CL CH ML CH    
VB-46PU 29.66 -4 -13 -16 -20 -24 -33 -37 -40 -47 
2009 -90.01 NAVD CH CL CH CL CH CL CH CL 
   -56        
   CH        
VB-47CU 29.66 7 2 -5 -10 -13 -21 -27 -30 -40 
2009 -90.01 NAVD CL CH CL ML CL ML CL CH 
   -42 -61       
   CL CH       
VB-48PU 29.66 -3 -13 -16 -21 -31 -35 -41 -55  
2009 -90.01 NAVD CL ML CH ML CH CL CH  
VB-
49PCU 29.66 -3 -5 -15 -18 -21 -25 -27 -32 -38 
2009 -90.01 NAVD CL CH ML SM CL SM CH CL 
   -45 -47 -55      
   CH CL CH      
VB-50CU 29.66 5 0 -64       
2009 -90.01 NAVD CL CH       
VB-51CU 29.66 7 -2 -7 -15 -20 -31 -35 -42 -45 
2009 -90.01 NAVD CH ML CH ML CH CL CH CL 
   -50 -53 -81      
   CH CL CH      
VB-52PU 29.66 -3 -13 -17 -32 -34 -41 -43 -55  
2009 -90.01 NAVD CH CL CH CL CH CL CH  
VB-53 29.66 -3 -7 -10 -12 -17 -33 -42 -52 -55 
2009 -90.01 NAVD CH ML CH CL CH CL CH CL 
VB-54PU 29.65 -4 -8 -11 -34 -40 -55    
2009 -90.01 NAVD CH CL CH CL CH    
VB-55CU 29.65 7 2 -1 -5 -35 -40 -43 -61  
2009 -90.00 NAVD CL CH CL CH SM CL CH  
VB-56PU 29.65 -3 -8 -13 -34 -42 -55    
2009 -90.00 NAVD CH CL CH CL CH    
VB-
57PCU 29.65 -2 -6 -14 -34 -42 -55    
2009 -90.00 NAVD CH CL CH ML CH    
VB-58CU 29.65 6 -63        
2009 -90.00 NAVD CH        
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VB-59CU 29.65 5 -12 -15 -49 -51 -84    
2009 -90.00 NAVD CH CL CH CL CH    
VB-60PU 29.65 -4 -8 -10 -12 -48 -50 -55   
2009 -90.00 NAVD CH ML CL CH CL CH   
VB-61 29.65 -4 -8 -12 -48 -51 -56    
2009 -90.00 NAVD CH CL CH CL CH    
VB-62PU 29.65 -4 -56        
2009 -90.00 NAVD CH        
VB-63CU 29.65 7 -61        
2009 -89.99 NAVD CH        
VB-64PU 29.65 -4 -8 -10 -18 -32 -34 -56   
2009 -89.99 NAVD CH ML CL CH ML CH   
VB-65 29.65 -3 -6 -10 -12 -14 -17 -20 -28 -32 
2009 -89.99 NAVD CH CL ML CH CL ML CH CL 
   -36 -55       
   ML CH       
VB-66CU 29.64 6 4 2 0 -15 -18 -21 -23 -30 
2009 -89.99 NAVD CL CH CL CH ML CH SM CH 
   -38 -42 -63      
   SM CL CH      
VB-67CU 29.64 5 -20 -24 -29 -35 -83    
2009 -89.99 NAVD CH SM CH ML CH    
VB-68PU 29.64 -4 -20 -24 -30 -35 -55    
2009 -89.99 NAVD CH ML CH SM CH    
VB-
69PCU 29.64 -4 -18 -22 -27 -35 -36 -56   
2009 -89.99 NAVD CH SM CH ML CL CH   
VB-70PU 29.64 -3 -19 -23 -32 -34 -55    
2009 -89.99 NAVD CH SM CH CL CH    
VB-71CU 29.64 5 -34 -36 -64      
2009 -89.98 NAVD CH CL CH      
VB-72PU 29.64 -4 -50 -56       
2009 -89.98 NAVD CH ML       
VB-
73PCU 29.64 -2 -28 -30 -34 -46 -51 -54   
2009 -89.98 NAVD CH SM ML CH ML CH   
VB-74CU 29.64 4 -20 -24 -65      
2009 -89.98 NAVD CH ML CH      
VB-75CU 29.64 4 -36 -40 -84      
2009 -89.98 NAVD CH CL CH      
VB-76PU 29.64 -4 -25 -27 -32 -40 -55    
2009 -89.98 NAVD CH ML CH CL CH    
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VB-
77PCU 29.64 -4 -30 -36 -40 -44 -48 -57   
2009 -89.98 NAVD CH ML CL CH CL CH   
VB-78PU 29.65 -4 -30 -36 -37 -40 -48 -56   
2009 -89.98 NAVD CH ML CH ML CL CH   
VB-79CU 29.63 6 -25 -35 -37 -46 -62    
2009 -89.99 NAVD CH SM SP SM CH    
VB-80PU 29.63 -3 -25 -32 -34 -36 -40 -55   
2009 -89.97 NAVD CH SM SP CH SM CH   
VB-81CU 29.63 -4 -10 -12 -15 -26 -30 -32 -36 -38 
2009 -89.97 NAVD CH CL ML CH SP SM SP SM 
   -40 -44 -50 -53 -56    
   ML SM CH CL CH    
VB-82CU 29.63 7 -26 -33 -40 -50 -52 -62   
2009 -89.97 NAVD CH ML CL ML CL CH   
VB-83CU 29.63 7 -25 -30 -36 -41 -81    
2009 -89.97 NAVD CH ML CL ML CH    
VB-84PU 29.63 -2 -5 -25 -30 -35 -39 -50   
2009 -89.97 NAVD CL CH SM ML CL CH   
VB-
85PCU 29.63 -3 -10 -13 -24 -29 -41 -55   
2009 -89.97 NAVD CH CL CH CL ML CH   
VB-86PU 29.63 -3 -5 -10 -14 -16 -18 -25 -35 -36 
2009 -89.97 NAVD CL CH SM CH CL CH SM CH 
   -38 -55       
   CL CH       
VB-87CU 29.63 8 6 -2 -5 -12 -15 -25 -37 -42 
2009 -89.96 NAVD CL CH ML CH ML CH SM ML 
   -60        
   CH        
VB-88PU 29.63 -3 -10 -15 -25 -27 -37 -42 -55  
2009 -89.96 NAVD CH ML CH SM ML SM CH  
VB-
89PCU 29.63 -4 -8 -14 -26 -40 -41 -55   
2009 -89.96 NAVD CH CL CH SM ML CH   
VB-90CU 29.63 5 -24 -32 -63      
2009 -89.96 NAVD CH SM CH      
VB-91CU 29.62 5 -25 -32 -83      
2009 -89.96 NAVD CH ML CH      
VB-92PU 29.62 -5 -25 -35 -57      
2009 -89.96 NAVD CH SM CH      
VB-
93PCU 29.62 -4 -27 -40 -47 -56     
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2009 -89.96 NAVD CH SM CL CH     
VB-94CU 29.62 -4 -22 -25 -27 -33 -38 -41 -46 -54 
2009 -89.96 NAVD CH ML CH SM CH ML CH CL 
   -57        
   ML        
VB-95CU 29.62 -3 -25 -35 -55      
2009 -89.95 NAVD CH ML CH      
VB-96CU 29.63 -4 -26 -31 -35 -56     
2009 -89.95 NAVD CH ML CL CH     
VB-97CU 29.63 -4 -56        
2009 -89.95 NAVD CH        
VB-98CU 29.63 -4 -40 -45 -48 -52 -92    
2009 -89.95 NAVD CH CL CH CL CH    
VB-99CU 29.63 -2 -8 -10 -55      
2009 -89.95 NAVD CH ML CH      
VB-1.10U 29.62 -3 -25 -31 -40 -106 -115 -130 -137 -153 
2009 -89.96 NAVD CH ML CL CH SM CH SM CL 
PLVC-01 29.15 -17 -29        
2010 -89.24 NAVD SP        
PL-01A 29.15 -25 -34        
2010 -89.24 NAVD SP        
PL-02 29.15 -16 -17 -18 -19 -20 -21 -22 -36  
2010 -89.24 NAVD SP CL SP CL SP CL SP  
PL-05 29.14 -25 -30 -31 -32 -33 -34 -35 -45  
2010 -89.23 NAVD SP PT SP CL SP CL SP  
PL-05A 29.14 -35 -37 -38 -40 -42 -45    
2010 -89.23 NAVD SP CL SP CL SP    
PL-04 29.14 -16 -29 -31 -33 -36     
2010 -89.23 NAVD SP CL SP SP-SM     
PL-03 29.15 -18 -19 -20 -21 -38     
2010 -89.23 NAVD CL SP CL SP-SM     
PL-03A 29.15 -25 -26 -27 -28 -29 -30 -34 -35  
2010 -89.23 NAVD CL SP CL SP CL SP PT  
PL-06 29.14 -28 -39 -40 -48      
2010 -89.22 NAVD SP CL SP      
PL-06A 29.14 -41 -43 -45 -49      
2010 -89.22 NAVD SP CL SP      
PL-07 29.14 -13 -15 -16 -17 -18 -22 -29   
2010 -89.22 NAVD SP CL SP CL SP CL   
PL-08 29.14 -20 -27 -35 -40      
2010 -89.21 NAVD SP-SM SP SP      
PL-08A 29.14 -34 -40        
2010 -89.21 NAVD SP        
214 
 
PL-09 29.14 -14 -28        
2010 -89.20 NAVD SP        
PL-09A 29.14 -27 -30 -31 -35      
2010 -89.20 NAVD SP SM SP      
PL-10 29.15 -19 -39        
2010 -89.20 NAVD SP        
PL-11 29.15 -25 -32 -45       
2010 -89.20 NAVD SP SP-SM       
PL-12 29.13 -21 -36        
2010 -89.21 NAVD SP        
PL-12A 29.13 -30 -37        
2010 -89.21 NAVD SP        
VB-7P 29.72 -45 -64        
2011 -89.99 NAVD SP        
VB-3B 29.72 -58 -77        
2011 -89.99 NAVD SP        
VB-5P 29.71 -56 -66 -75       
2011 -89.99 NAVD SP ML       
VB-6P 29.71 -46 -66        
2011 -89.98 NAVD SP        
VB-4P 29.71 -59 -73 -76 -78      
2011 -89.98 NAVD SP ML SP      
VB-2B 29.71 -54 -63 -65 -68      
2011 -89.98 NAVD SP ML SP      
VB-2P 29.70 -59 -77        
2011 -89.98 NAVD SP        
VB-3P 29.70 -53 -63 -64       
2011 -89.98 NAVD SP CL       
VB-1P 29.70 -43 -52 -54 -62      
2011 -89.98 NAVD SP CL SP      
VB-1B 29.70 -55 -72        
2011 -89.98 NAVD SP        
R-19.6-R 29.36 5 -15 -42 -65 -100 -173    
1970 -89.36 NGVD CL ML SM ML CH    
B-3C 29.66 5 -15 -80       
2013 -89.96 NAVD CH CL       
B-5C 29.66 4 -14 -50 -80      
2013 -89.96 NAVD CH CL SM      
IS-11C 29.66 15 8 2 -28 -70     
2013 -89.96 NAVD SM CH CL SM     
IS-14C 29.66 2 -2 -42 -45 -65 -83    
2013 -89.96 NAVD CH CL SM CL SM    
IS-15C 29.66 16 14 -10 -40 -55 -60 -70   
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2013 -89.96 NAVD SM CH CL SM CL SM   
IS-4C 29.66 5 -42 -81       
2013 -89.96 NAVD CL SM       
IS-5C 29.67 16 10 -25 -40 -45 -70    
2013 -89.96 NAVD SM CL SM CL SM    
IS-6C 29.66 15 10 0 -45 -68 -77 -85   
2013 -89.96 NAVD SM CH CL SM CL SM   
NL-10C 29.66 3 -5 -35 -50 -112 -127    
2013 -89.97 NAVD SM CH SM CH CL    
NL-11C 29.65 -2 -130 -133       
2013 -89.98 NAVD CH SM       
NL-12C 29.66 3 -20 -45 -128      
2013 -89.97 NAVD CL SM CH      
NL-1C 29.65 -4 -85 -120 -134      
2013 -89.99 NAVD CH CL CH      
NL-2C 29.65 -4 -10 -15 -70      
2013 -89.99 NAVD CL OH CH      
NL-4C 29.65 -3 -68        
2013 -89.98 NAVD CH        
NL-5C 29.65 -1 -5 -32 -40 -67     
2013 -89.98 NAVD CL CH SM CH     
NL-7C 29.66 0 -7 -30 -40 -65     
2013 -89.97 NAVD CL CH SM CH     
SL-1C 29.65 -4 -104        
2013 -89.99 NAVD CH        
BW-4 29.70 -37 -48 -52 -55      
1988 -89.98 NAVD SP ML CH      
BW-2W 29.70 -36 -70        
1988 -89.98 NAVD SP        
BW-2 29.70 -37 -55        
1988 -89.98 NAVD SP        
BW-3 29.70 -39 -45        
1988 -89.98 NAVD SM        
BW-12 29.71 -37 -45        
1988 -89.99 NAVD SP        
BW-11W 29.71 -40 -55 -62       
1988 -89.98 NAVD SP SM       
BW-11 29.71 -40 -52        
1988 -89.98 NAVD SP        
BW-7 29.71 -40 -96 -107       
1988 -89.99 NAVD SP CH       
BW-3A 29.70 -40 -55        
1988 -89.98 NAVD SP        
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BW-5 29.72 -44 -85        
1988 -89.99 NAVD SP        
BW-20 29.72 -46 -56        
1988 -89.99 NAVD SP        
BW-17 29.71 -44 -55        
1988 -89.99 NAVD SP        
BW-6 29.71 -42 -112        
1988 -89.99 NAVD SP        
BW-13 29.70 -49 -65        
1988 -89.98 NAVD SP        
BW-25B 29.72 -58 -66 -72       
1988 -89.99 NAVD SP SM       
BW-24 29.72 -45 -55        
1988 -89.99 NAVD SP        
BW-25 29.72 -59 -64 -70       
1988 -89.99 NAVD SP CH       
BW-23W 29.72 -50 -65 -72       
1988 -89.99 NAVD SP SM       
BW-23 29.72 -51 -66        
1988 -89.99 NAVD SP        
BW-1 29.73 -76 -82 -98 -110      
1988 -90.00 NAVD SP SM SP      
BW-2 29.73 -63 -85        
1988 -89.99 NAVD SP        
BW-3 29.72 -60 -85        
1988 -89.99 NAVD SP        
BW-4 29.72 -52 -76 -89 -95 -109 -115    
1988 -89.99 NAVD SM SP CH SP SM    
BW-25A 29.72 -58 -61        
1988 -89.99 NAVD SP        
 
NAVD refers to the North American Vertical Datum of 1988. 
NGVD refers to the National Geodetic Vertical Datum of 1929. 
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D.4. River stage data 
Water level data below were downloaded from USACE Water Levels of River and Lakes database, 
which is available at http://rivergages.mvr.usace.army.mil. 
River gage locations: 
Station Longitude Latitude UTM-X UTM-Y 
Alliance -89.970 29.685 793236 3287670 
Pointe -89.797 29.571 810331 3275550 
Empire -89.596 29.389 830356 3255940 
Venice -89.352 29.276 854493 3244070 
WestBay -89.298 29.240 859831 3240273 
Head -89.247 29.134 865255 3228640 
 
River stage data: 
Date(mm/dd/yyyy) Alliance(ft) Pointe(ft) Empire(ft) Venice(ft) WestBay(ft) Head(ft) 
11/1/2011 1.58 1.45 1.59 2.09 1.59 1.36 
11/2/2011 1.71 1.53 1.6 2.4 1.77 1.56 
11/3/2011 1.71 1.56 1.73 2.46 1.86 1.73 
11/4/2011 1.29 1.16 1.29 2.21 1.53 1.41 
11/5/2011 1.22 1.09 1.2 2.02 1.47 1.38 
11/6/2011 1.38 1.25 1.37 2.27 1.68 1.6 
11/7/2011 1.18 1.04 1.29 1.98 1.43 1.32 
11/8/2011 1.28 1.1 1.47 2.03 1.43 1.35 
11/9/2011 1.32 1.14 1.2 2 1.42 1.25 
11/10/2011 1.34 1.11 1.28 1.97 1.37 1.15 
11/11/2011 1.15 0.94 1 1.57 1.04 0.85 
11/12/2011 0.93 0.71 0.72 1.39 0.72 0.57 
11/13/2011 1.32 1.04 1.06 1.66 0.95 0.86 
11/14/2011 1.68 1.42 1.41 1.99 1.39 1.24 
11/15/2011 1.74 1.5 1.5 2.1 1.51 1.38 
11/16/2011 2.07 1.8 1.8 2.33 1.65 1.53 
11/17/2011 1.81 1.6 1.83 2.29 1.59 1.57 
11/18/2011 1.8 1.7 1.79 2.38 1.87 1.65 
11/19/2011 1.6 1.44 1.54 2.42 1.78 1.59 
11/20/2011 1.61 1.46 1.58 2.39 1.94 1.74 
11/21/2011 1.27 1.09 1.19 2.04 1.46 1.37 
11/22/2011 1.27 1.05 1.12 1.99 1.45 1.35 
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11/23/2011 1.02 0.75 0.76 1.62 1.03 0.91 
11/24/2011 1.27 0.91 0.95 1.6 0.99 0.82 
11/25/2011 1.24 0.86 0.79 1.45 0.8 0.65 
11/26/2011 2.19 1.77 1.8 2.08 1.36 1.15 
11/27/2011 2.59 2.13 1.84 2.1 1.46 1.2 
11/28/2011 2.95 2.43 2.08 2.38 1.57 1.32 
11/29/2011 3 2.46 2.13 2.33 1.57 1.31 
11/30/2011 3.14 2.55 2.01 2.37 1.65 1.32 
12/1/2011 3.3 2.74 2.31 2.51 1.78 1.42 
12/2/2011 3.43 2.82 2.04 2.62 1.92 1.5 
12/3/2011 3.52 2.89 2.36 2.68 1.99 1.6 
12/4/2011 3.81 3.11 2.53 2.82 2.15 1.82 
12/5/2011 4.07 3.37 2.71 2.96 2.29 1.95 
12/6/2011 3.95 3.19 2.52 2.73 1.9 1.62 
12/7/2011 3.84 3.16 2.4 2.6 1.65 1.41 
12/8/2011 4.18 3.33 2.64 2.44 1.69 1.25 
12/9/2011 4.62 3.66 2.68 2.51 1.67 1.19 
12/10/2011 4.9 3.9 2.9 2.64 1.83 1.35 
12/11/2011 5.47 4.43 3.22 2.83 1.92 1.52 
12/12/2011 5.93 4.72 3.51 3 2.14 1.64 
12/13/2011 6.26 5.02 3.72 3.09 2.22 1.69 
12/14/2011 6.65 5.35 3.99 3.3 2.45 2.03 
12/15/2011 6.73 5.45 4.04 3.46 2.64 2.12 
12/16/2011 6.92 5.6 4.25 3.63 2.81 2.3 
12/17/2011 6.85 5.58 4.01 3.58 2.88 2.18 
12/18/2011 6.86 5.59 4.24 3.61 2.77 2.25 
12/19/2011 6.78 5.48 4.09 3.53 2.67 2.23 
12/20/2011 6.88 5.59 4.16 3.61 2.81 2.29 
12/21/2011 7.02 5.69 4.31 3.64 2.83 2.37 
12/22/2011 7.07 5.69 4.22 3.58 2.72 2.32 
12/23/2011 6.88 5.52 4.14 3.41 2.49 2.05 
12/24/2011 6.94 5.63 4.29 3.48 2.58 2.09 
12/25/2011 7.11 5.71 4.3 3.48 2.51 2.08 
12/26/2011 7.34 5.92 4.53 3.63 2.73 2.19 
12/27/2011 7.43 6.1 4.58 3.85 2.94 2.38 
12/28/2011 7.27 5.9 4.52 3.74 2.83 2.22 
12/29/2011 7.27 5.92 4.61 3.79 2.95 2.29 
12/30/2011 7.16 5.88 4.61 3.91 3.21 2.42 
12/31/2011 6.99 5.72 4.4 3.75 2.88 2.31 
1/1/2012 6.90 5.65 4.35 3.68 2.86 2.25 
1/2/2012 6.46 5.21 4.03 3.50 2.26 2.08 
1/3/2012 6.28 5.05 3.80 3.25 2.2 1.83 
1/4/2012 6.27 5.03 3.80 3.28 2.16 1.83 
219 
 
1/5/2012 6.10 4.88 3.58 3.08 2.16 1.72 
1/6/2012 6.23 5.01 3.78 3.16 2.28 1.73 
1/7/2012 6.13 4.92 3.65 3.04 2.12 1.63 
1/8/2012 6.28 5.06 3.84 3.18 2.28 1.8 
1/9/2012 6.21 4.98 3.76 3.15 2.26 1.67 
1/10/2012 6.45 5.22 3.94 3.27 2.37 1.8 
1/11/2012 6.46 5.28 4.05 3.45 2.25 1.98 
1/12/2012 6.29 5.15 3.93 3.36 2.11 1.85 
1/13/2012 5.93 4.82 3.68 3.16 2.11 1.7 
1/14/2012 5.61 4.53 3.46 3.03 2.17 1.6 
1/15/2012 5.25 4.25 3.18 2.80 1.99 1.45 
1/16/2012 4.93 4.01 2.98 2.75 1.96 1.49 
1/17/2012 4.57 3.59 2.74 2.69 1.93 1.53 
1/18/2012 4.20 3.41 2.60 2.43 1.77 1.41 
1/19/2012 3.82 3.07 2.27 2.15 1.55 1.13 
1/20/2012 3.63 2.89 2.24 2.01 1.41 1.01 
1/21/2012 3.54 2.79 2.08 1.91 1.31 0.92 
1/22/2012 3.52 2.78 2.18 1.99 1.29 0.94 
1/23/2012 3.55 2.79 2.20 2.06 1.42 1.08 
1/24/2012 3.50 2.83 2.30 2.19 1.45 1.11 
1/25/2012 3.61 2.98 2.43 2.39 1.51 1.41 
1/26/2012 3.96 3.36 2.62 2.76 1.605 1.74 
1/27/2012 3.86 3.16 2.60 2.46 1.7 1.48 
1/28/2012 3.95 3.21 2.50 2.44 1.83 1.39 
1/29/2012 4.02 3.27 2.51 2.46 1.83 1.28 
1/30/2012 4.13 3.31 2.65 2.49 1.86 1.46 
1/31/2012 4.41 3.55 2.71 2.54 1.85 1.43 
2/1/2012 4.78 3.88 2.93 2.75 2.08 1.69 
2/2/2012 5.01 4.00 2.99 2.71 1.96 1.63 
2/3/2012 5.34 4.24 3.12 2.77 1.8 1.62 
2/4/2012 5.52 4.39 3.24 2.81 1.84 1.64 
2/5/2012 5.78 4.64 3.40 2.92 1.91 1.71 
2/6/2012 6.12 4.87 3.64 2.99 2.19 1.74 
2/7/2012 6.36 5.05 3.80 3.15 2.35 1.87 
2/8/2012 6.43 5.16 3.86 3.20 2.44 1.85 
2/9/2012 6.80 5.52 4.02 3.44 2.69 2.04 
2/10/2012 6.76 5.55 4.20 3.52 2.77 2.22 
2/11/2012 6.80 5.53 4.21 3.54 2.4 2.21 
2/12/2012 6.73 5.48 4.15 3.48 2.46 2.09 
2/13/2012 6.61 5.35 4.02 3.44 2.61 2.16 
2/14/2012 6.93 5.61 4.25 3.55 2.79 2.27 
2/15/2012 6.68 5.34 4.02 3.38 2.62 2.14 
2/16/2012 6.63 5.40 4.04 3.40 2.64 2.12 
220 
 
2/17/2012 6.56 5.27 3.91 3.24 2.44 1.96 
2/18/2012 6.52 5.28 3.98 3.30 2.52 1.94 
2/19/2012 6.60 5.43 4.24 3.52 2.56 2.18 
2/20/2012 6.17 5.00 3.99 3.06 2.26 1.65 
2/21/2012 6.14 5.00 3.78 3.08 2.33 1.74 
2/22/2012 5.81 4.75 3.65 3.04 2.32 1.8 
2/23/2012 5.56 4.56 3.57 3.11 2.12 1.93 
2/24/2012 5.16 4.24 3.31 3.01 2.06 1.94 
2/25/2012 4.97 4.16 3.27 3.01 2.45 1.88 
2/26/2012 4.58 3.79 2.97 2.82 2.36 1.82 
2/27/2012 4.37 3.60 2.89 2.86 1.86 1.89 
2/28/2012 4.07 3.34 2.62 2.58 1.79 1.64 
2/29/2012 3.79 3.08 2.44 2.46 1.72 1.53 
3/1/2012 3.50 2.80 2.19 2.21 1.55 1.33 
3/2/2012 3.40 2.75 2.17 2.25 1.53 1.38 
3/3/2012 3.16 2.59 2.01 2.21 1.52 1.33 
3/4/2012 3.13 2.48 1.94 1.98 1.38 1.03 
3/5/2012 2.70 2.10 1.65 1.74 1.1 0.81 
3/6/2012 2.50 1.91 1.49 1.59 0.99 0.63 
3/7/2012 2.89 2.38 1.98 2.15 1.62 1.33 
3/8/2012 3.13 2.61 2.26 2.49 1.93 1.73 
3/9/2012 2.97 2.47 2.11 2.35 1.84 1.61 
3/10/2012 3.70 3.11 2.82 2.97 2.57 2.27 
3/11/2012 3.43 2.89 2.38 2.69 2.2 1.92 
3/12/2012 3.59 2.95 2.46 2.71 2.1 1.78 
3/13/2012 3.91 3.19 2.55 2.60 2.04 1.72 
3/14/2012 3.98 3.21 2.45 2.40 1.81 1.41 
3/15/2012 4.35 3.48 2.64 2.47 1.82 1.39 
3/16/2012 4.70 3.77 2.82 2.58 1.88 1.44 
3/17/2012 5.10 4.10 3.06 2.75 2.04 1.6 
3/18/2012 5.44 4.36 3.38 2.87 2.14 1.67 
3/19/2012 5.80 4.69 3.50 3.04 2.34 1.81 
3/20/2012 6.23 5.10 3.86 3.40 2.66 2.2 
3/21/2012 6.69 5.54 4.28 3.73 2.96 2.55 
3/22/2012 6.57 5.39 4.14 3.62 2.9 2.43 
3/23/2012 6.76 5.59 4.26 3.69 2.96 2.48 
3/24/2012 6.64 5.47 4.23 3.68 2.96 2.52 
3/25/2012 6.65 5.43 4.19 3.58 2.87 2.36 
3/26/2012 6.62 5.39 4.06 3.52 2.8 2.25 
3/27/2012 6.67 5.42 3.96 3.49 2.71 2.17 
3/28/2012 6.61 5.32 3.98 3.36 2.64 2.05 
3/29/2012 6.73 5.45 4.07 3.50 2.71 2.15 
3/30/2012 6.88 5.55 4.13 3.54 2.81 2.23 
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3/31/2012 6.87 5.53 4.18 3.46 2.73 2.12 
4/1/2012 6.83 5.49 4.12 3.47 2.71 2.16 
4/2/2012 6.79 5.53 4.11 3.47 2.7 2.13 
4/3/2012 7.08 5.73 4.26 3.67 2.91 2.25 
4/4/2012 7.28 5.98 4.58 3.89 3.01 2.36 
4/5/2012 7.18 5.88 3.64 3.90 3.26 2.71 
4/6/2012 6.99 5.74 3.86 3.91 3.17 2.59 
4/7/2012 6.81 5.61 3.53 3.94 3.23 2.69 
4/8/2012 6.59 5.41 3.45 3.81 3.07 2.62 
4/9/2012 6.36 5.23 3.18 3.68 2.97 2.53 
4/10/2012 6.08 4.94 2.93 3.51 2.83 2.38 
4/11/2012 5.70 4.66 2.71 3.25 2.54 2.11 
4/12/2012 5.52 4.52 2.58 3.17 2.51 2.04 
4/13/2012 5.26 4.31 2.33 3.05 2.39 1.96 
4/14/2012 4.93 4.05 2.27 2.86 2.22 1.77 
4/15/2012 4.81 3.95 2.29 3.06 2.44 2.05 
4/16/2012 4.61 3.84 2.49 3.04 2.37 2 
4/17/2012 4.36 3.66 2.22 3.06 2.47 2.11 
4/18/2012 4.10 3.51 2.15 3.11 2.15 2.15 
4/19/2012 4.12 3.50 2.14 3.23 2.67 2.39 
4/20/2012 3.98 3.41 2.13 3.19 2.75 2.47 
4/21/2012 3.87 3.43 2.12 3.34 2.79 2.57 
4/22/2012 3.75 3.27 2.14 3.41 2.91 2.57 
4/23/2012 3.22 2.74 1.57 2.84 2.1 2.09 
4/24/2012 2.97 2.51 1.26 2.64 2.17 1.91 
4/25/2012 2.82 2.34 1.01 2.42 1.93 1.71 
4/26/2012 2.83 2.36 1.18 2.53 1.85 1.79 
4/27/2012 2.76 2.25 1.16 2.34 1.74 1.55 
4/28/2012 2.70 2.18 0.99 2.30 1.83 1.54 
4/29/2012 2.61 2.13 0.98 2.17 1.66 1.41 
4/30/2012 2.65 2.17 0.97 2.27 1.75 1.49 
5/1/2012 2.60 2.13 1.09 2.33 1.81 1.58 
5/2/2012 2.81 2.40 1.20 2.63 2.13 1.95 
5/3/2012 2.91 2.54 1.44 2.88 2.39 2.19 
5/4/2012 2.75 2.40 1.34 2.96 2.54 2.35 
5/5/2012 2.67 2.44 1.36 3.07 2.72 2.48 
5/6/2012 2.56 2.35 1.28 3.08 2.75 2.65 
5/7/2012 2.54 2.30 1.21 3.09 2.74 2.64 
5/8/2012 2.48 2.25 1.14 3.00 2.65 2.49 
5/9/2012 2.37 2.09 0.89 2.75 2.31 2.19 
5/10/2012 2.53 2.21 1.02 2.61 2.24 2.06 
5/11/2012 2.70 2.29 1.07 2.65 2.21 1.99 
5/12/2012 2.83 2.39 1.15 2.59 2.11 1.92 
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5/13/2012 2.85 2.36 0.97 2.46 1.92 1.74 
5/14/2012 3.08 2.60 1.32 2.75 2.15 1.93 
5/15/2012 3.40 2.90 1.50 2.90 2.37 2.19 
5/16/2012 3.57 3.05 1.68 2.94 2.49 2.15 
5/17/2012 3.75 3.23 1.78 3.11 2.64 2.39 
5/18/2012 3.72 3.23 1.83 3.24 2.56 2.46 
5/19/2012 3.72 3.21 1.77 3.12 2.67 2.45 
5/20/2012 3.69 3.17 1.68 3.12 2.73 2.49 
5/21/2012 3.48 2.96 1.58 3.04 2.53 2.31 
5/22/2012 3.28 2.81 1.26 2.93 2.43 2.21 
5/23/2012 3.19 2.69 1.43 2.89 2.4 2.21 
5/24/2012 3.22 2.72 1.39 2.87 2.39 2.24 
5/25/2012 2.89 2.40 1.12 2.55 2.06 1.9 
5/26/2012 2.66 2.20 0.82 2.47 1.95 1.77 
5/27/2012 2.53 2.07 0.74 2.49 2.09 1.84 
5/28/2012 2.45 2.05 1.17 2.59 2.04 1.87 
5/29/2012 2.31 1.96 0.87 2.49 1.88 1.84 
5/30/2012 2.09 1.80 0.74 2.37 1.89 1.78 
5/31/2012 2.23 1.97 0.86 2.43 2.12 1.92 
6/1/2012 2.19 1.91 0.92 2.74 2.21 2.13 
6/2/2012 2.19 2.04 1.04 2.91 2.48 2.35 
6/3/2012 2.11 1.96 0.34 2.96 2.53 2.4 
6/4/2012 1.84 1.78 0.85 2.91 2.49 2.39 
6/5/2012 1.80 1.71 0.82 2.93 2.54 2.47 
6/6/2012 1.44 1.34 1.51 2.56 2.12 2.13 
6/7/2012 1.36 1.22 1.36 2.26 2.03 2.03 
6/8/2012 1.35 1.20 1.40 2.23 1.87 1.91 
6/9/2012 1.50 1.36 1.90 2.41 2.09 2 
6/10/2012 1.74 1.58 1.77 2.85 2.02 2.13 
6/11/2012 1.52 1.29 1.45 2.24 1.77 1.72 
6/12/2012 1.26 1.18 1.47 2.28 1.81 1.8 
6/13/2012 1.59 1.42 1.61 2.31 1.95 1.87 
6/14/2012 1.62 1.48 1.61 2.45 2.01 1.93 
6/15/2012 2.04 1.99 2.12 2.89 2.5 2.39 
6/16/2012 2.39 2.21 2.41 3.11 2.73 2.64 
6/17/2012 2.35 2.22 2.37 3.19 2.9 2.76 
6/18/2012 2.34 2.23 2.33 3.29 2.98 2.75 
6/19/2012 2.12 2.00 2.15 3.06 2.78 2.68 
6/20/2012 2.05 1.95 2.22 3.07 2.77 2.68 
6/21/2012 2.00 1.91 1.90 3.07 2.78 2.7 
6/22/2012 2.07 2.00 2.38 3.11 2.88 2.72 
6/23/2012 2.28 2.16 2.29 3.17 2.88 2.78 
6/24/2012 2.76 2.67 2.87 3.42 3.19 2.99 
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6/25/2012 3.15 3.10 3.26 3.78 3.5 3.27 
6/26/2012 2.66 2.56 2.67 3.42 3.11 2.89 
6/27/2012 2.35 2.15 2.33 3.07 2.68 2.59 
6/28/2012 2.28 2.12 2.38 2.98 2.59 2.43 
6/29/2012 2.13 2.02 2.31 2.98 2.55 2.43 
6/30/2012 2.15 2.04 2.34 3.02 2.67 2.5 
7/1/2012 2.29 2.19 2.40 3.12 2.77 2.63 
7/2/2012 1.82 1.78 2.04 2.88 2.59 2.44 
7/3/2012 1.77 1.77 1.97 3.01 2.74 2.53 
7/4/2012 1.53 1.54 1.75 2.79 2.5 2.42 
7/5/2012 1.26 1.24 1.47 2.53 2.21 2.14 
7/6/2012 1.25 1.16 1.36 2.30 1.89 1.91 
7/7/2012 1.19 1.10 1.33 2.24 1.86 1.86 
7/8/2012 1.27 1.17 1.53 2.17 1.72 1.67 
7/9/2012 1.37 1.23 1.49 2.14 1.72 1.63 
7/10/2012 1.38 1.25 1.50 2.20 1.8 1.69 
7/11/2012 1.52 1.45 1.59 2.24 1.83 1.82 
7/12/2012 1.67 1.59 1.80 2.47 2.07 1.93 
7/13/2012 1.78 1.73 1.93 2.62 2.24 2.11 
7/14/2012 1.90 1.80 1.99 2.80 2.42 2.24 
7/15/2012 1.99 1.88 2.09 2.81 2.42 2.41 
7/16/2012 1.89 1.80 1.99 2.80 2.45 2.33 
7/17/2012 1.69 1.72 1.78 2.84 2.46 2.39 
7/18/2012 1.52 1.49 1.58 2.72 2.41 2.29 
7/19/2012 1.39 1.41 1.45 2.55 2.23 2.19 
7/20/2012 1.33 1.31 1.35 2.44 1.98 2.03 
7/21/2012 1.26 1.23 1.29 2.37 1.93 1.91 
7/22/2012 1.43 1.34 1.27 2.29 1.94 1.86 
7/23/2012 1.35 1.28 1.36 2.17 1.82 1.77 
7/24/2012 1.52 1.41 1.53 2.25 1.91 1.79 
7/25/2012 1.68 1.59 1.70 2.45 1.98 1.93 
7/26/2012 1.83 1.77 1.86 2.60 2.13 2.05 
7/27/2012 2.09 2.03 2.12 2.86 2.54 2.28 
7/28/2012 1.94 1.87 1.98 2.81 2.44 2.27 
7/29/2012 1.95 1.88 1.97 2.83 2.51 2.3 
7/30/2012 1.96 1.93 1.99 2.98 2.39 2.52 
7/31/2012 1.66 1.64 1.73 2.71 2.24 2.26 
8/1/2012 1.40 1.43 1.51 2.64 2.35 2.23 
8/2/2012 1.22 1.12 1.26 2.45 2.14 2.05 
8/3/2012 1.19 1.14 1.21 2.24 1.93 1.89 
8/4/2012 1.19 1.19 1.29 2.12 1.78 1.71 
8/5/2012 1.14 1.04 1.19 1.92 1.67 1.53 
8/6/2012 1.22 1.11 1.25 1.96 1.64 1.58 
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8/7/2012 1.57 1.45 1.50 2.17 1.86 1.72 
8/8/2012 1.73 1.63 1.72 2.34 1.98 1.83 
8/9/2012 1.64 1.53 1.57 2.37 2.01 1.9 
8/10/2012 1.87 1.73 1.83 2.63 2.13 2.04 
8/11/2012 1.75 1.64 1.70 2.60 2.3 2.14 
8/12/2012 1.81 1.74 1.81 2.71 2.36 2.14 
8/13/2012 1.83 1.79 1.92 2.80 2.38 2.3 
8/14/2012 1.67 1.63 1.76 2.67 2.36 2.16 
8/15/2012 1.58 1.58 1.63 2.70 2.37 2.18 
8/16/2012 1.41 1.38 1.43 2.50 2.2 2.08 
8/17/2012 1.34 1.32 1.42 2.47 2.14 2.01 
8/18/2012 1.35 1.30 1.31 2.42 2.09 1.98 
8/19/2012 1.24 1.20 1.36 2.18 1.8 1.75 
8/20/2012 1.27 1.13 1.31 2.10 1.73 1.66 
8/21/2012 1.34 1.24 1.38 2.00 1.68 1.51 
8/22/2012 1.49 1.36 1.51 2.06 1.77 1.64 
8/23/2012 1.67 1.51 1.73 2.25 1.94 1.74 
8/24/2012 1.79 1.64 1.75 2.44 2.05 1.87 
8/25/2012 2.08 1.91 2.05 2.80 2.32 2.17 
8/26/2012 2.24 2.16 2.22 2.93 2.62 2.41 
8/27/2012 2.18 2.17 2.30 3.07 2.88 2.65 
8/28/2012 3.49 3.61 3.88 4.55 4.55 3.77 
8/29/2012 7.81 NaN NaN NaN 5.81 5.16 
8/30/2012 3.67 NaN NaN NaN 3.56 3.28 
8/31/2012 2.13 NaN NaN NaN 2.72 2.51 
9/1/2012 1.39 NaN NaN NaN 1.9 1.68 
9/2/2012 1.21 NaN NaN NaN 1.68 1.62 
9/3/2012 1.39 NaN NaN NaN 1.75 1.62 
9/4/2012 1.24 NaN NaN NaN 1.56 1.49 
9/5/2012 1.53 NaN NaN NaN 1.63 1.51 
9/6/2012 1.51 NaN NaN NaN 1.89 1.58 
9/7/2012 1.82 NaN NaN NaN 2.12 1.89 
9/8/2012 2.04 NaN NaN NaN 2.41 2.21 
9/9/2012 2.21 NaN NaN NaN 2.64 2.37 
9/10/2012 1.98 NaN NaN NaN 2.46 2.2 
9/11/2012 1.97 NaN NaN NaN 2.52 2.32 
9/12/2012 2.03 NaN NaN NaN 2.57 2.41 
9/13/2012 2.11 NaN NaN NaN 2.88 2.61 
9/14/2012 1.95 NaN NaN NaN 2.75 2.55 
9/15/2012 1.64 NaN NaN NaN 2.37 2.19 
9/16/2012 1.49 NaN NaN NaN 2.15 2.01 
9/17/2012 1.56 NaN NaN NaN 1.92 1.83 
9/18/2012 1.44 NaN NaN NaN 1.73 1.65 
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9/19/2012 1.76 NaN NaN NaN 1.71 1.67 
9/20/2012 1.57 NaN NaN NaN 1.71 1.47 
9/21/2012 1.84 NaN NaN NaN 2.11 1.75 
9/22/2012 1.73 NaN NaN 2.34 1.9 1.69 
9/23/2012 1.83 NaN NaN 2.58 2.14 1.87 
9/24/2012 1.63 NaN NaN 2.53 2.17 1.84 
9/25/2012 1.65 NaN 1.51 2.64 2.26 2.08 
9/26/2012 1.40 NaN 1.54 2.50 2.11 1.97 
9/27/2012 1.36 NaN 1.54 2.37 2.07 1.88 
9/28/2012 1.22 0.94 1.36 2.28 2.11 1.8 
9/29/2012 0.98 0.71 1.17 1.95 1.65 1.46 
9/30/2012 0.98 0.83 0.87 2.09 1.74 1.52 
10/1/2012 1.20 0.85 1.69 1.94 1.55 1.38 
10/2/2012 0.93 0.61 1.03 1.61 1.28 1.06 
10/3/2012 1.19 0.80 1.00 1.69 1.34 1.09 
10/4/2012 1.41 1.01 1.32 1.85 1.59 1.33 
10/5/2012 1.46 1.10 1.54 1.98 1.73 1.43 
10/6/2012 1.59 1.27 1.71 2.14 1.88 1.56 
10/7/2012 1.79 1.57 2.16 2.46 2.07 1.87 
10/8/2012 1.82 1.60 1.91 2.58 2.22 1.96 
10/9/2012 1.72 1.44 1.93 2.47 2.14 1.88 
10/10/2012 1.55 1.29 1.68 2.40 2.15 1.82 
10/11/2012 1.15 0.92 1.42 2.11 1.79 1.6 
10/12/2012 1.23 0.98 1.39 2.23 1.94 1.71 
10/13/2012 0.94 0.70 1.34 1.94 1.68 1.51 
10/14/2012 0.90 0.65 1.06 1.81 1.52 1.28 
10/15/2012 0.78 0.56 0.89 1.57 1.26 1.08 
10/16/2012 1.08 0.76 0.83 1.71 1.39 1.21 
10/17/2012 1.25 0.86 1.42 1.76 1.4 1.19 
10/18/2012 1.41 1.08 1.26 1.88 1.48 1.24 
10/19/2012 1.74 1.31 1.82 2.10 1.8 1.49 
10/20/2012 1.80 1.44 1.90 2.27 1.96 1.59 
10/21/2012 1.82 1.53 1.90 2.45 2.07 1.76 
10/22/2012 1.71 1.48 1.79 2.48 2.22 1.89 
10/23/2012 1.91 1.65 1.67 2.76 2.41 2.2 
10/24/2012 1.60 1.40 1.79 2.64 2.36 2.13 
10/25/2012 1.50 1.27 1.70 2.55 2.08 2.1 
10/26/2012 1.32 1.07 1.49 2.27 1.76 1.8 
10/27/2012 0.88 0.67 1.01 1.86 1.4 1.46 
10/28/2012 0.78 0.55 1.02 1.73 1.26 1.26 
10/29/2012 0.60 0.58 0.72 1.41 0.94 0.88 
10/30/2012 0.59 0.58 0.73 1.38 0.86 0.81 
10/31/2012 0.34 0.58 0.46 1.09 0.51 0.55 
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D.5. Tidal stage data 
Water levels at tide gages were download from: (1) Louisiana's Coastwide Reference Monitoring 
System (CRMS), which is available at https://lacoast.gov/crms/; (2) USGS National Water 
Information System, which is available at at https://waterdata.usgs.gov/nwis; and (3) NOAA Tides 
and Currents database, which is available at https://tidesandcurrents.noaa.gov/. 
D.5.1. Tide stations 1-8 Data 
 BA01-01 BA01-02 BA01-03 BA01-04 BA01-10 BA01-14 BA01-15 BA01-16 
 -90.36 -90.17 -90.24 -90.29 -90.11 -90.32 -90.29 -90.32 
 29.70 29.82 29.80 29.77 29.67 29.85 29.77 29.85 
11/1/2011 0.54 0.52 0.62 0.47 0.65 1.16 0.46 1.16 
11/2/2011 0.83 0.82 0.93 0.76 0.97 1.14 0.74 1.14 
11/3/2011 0.83 0.90 0.95 0.82 0.95 1.14 0.83 1.14 
11/4/2011 0.32 0.28 0.36 0.26 0.36 1.12 0.29 1.12 
11/5/2011 0.42 0.33 0.44 0.30 0.49 1.11 0.28 1.11 
11/6/2011 0.87 0.78 0.91 0.77 0.90 1.09 0.75 1.09 
11/7/2011 1.03 1.00 1.11 0.97 1.09 1.08 0.96 1.08 
11/8/2011 1.25 1.30 1.38 1.20 1.37 1.09 1.19 1.09 
11/9/2011 1.30 1.29 1.37 1.25 1.34 1.33 1.27 1.33 
11/10/2011 0.60 0.33 0.45 0.47 0.45 1.44 0.51 1.44 
11/11/2011 0.33 0.39 0.46 0.29 0.49 1.40 0.27 1.40 
11/12/2011 0.71 0.72 0.82 0.67 0.80 1.37 0.66 1.37 
11/13/2011 0.85 0.91 0.98 0.83 0.97 1.35 0.83 1.35 
11/14/2011 1.00 1.08 1.14 0.98 1.17 1.33 0.97 1.33 
11/15/2011 1.20 1.31 1.38 1.17 1.39 1.35 1.16 1.35 
11/16/2011 1.34 1.56 1.58 1.36 1.59 1.61 1.35 1.61 
11/17/2011 1.05 0.83 0.95 0.94 0.93 1.53 0.97 1.53 
11/18/2011 0.77 0.62 0.74 0.62 0.78 1.45 0.61 1.45 
11/19/2011 1.00 1.00 1.10 0.95 1.08 1.42 0.94 1.42 
11/20/2011 1.12 1.15 1.23 1.08 1.24 1.40 1.08 1.40 
11/21/2011 1.18 1.16 1.20 1.15 1.23 1.41 1.15 1.41 
11/22/2011 1.33 1.35 1.28 1.38 1.43 1.49 1.38 1.49 
11/23/2011 1.27 1.11 1.08 1.28 1.18 1.58 1.28 1.58 
11/24/2011 1.06 0.88 0.84 1.01 0.95 1.51 1.01 1.51 
11/25/2011 1.15 1.01 0.98 1.14 1.09 1.47 1.14 1.47 
11/26/2011 1.41 1.42 1.37 1.42 1.52 1.58 1.42 1.58 
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11/27/2011 1.37 1.44 1.30 1.49 1.43 1.73 1.49 1.73 
11/28/2011 0.72 0.80 0.65 0.88 0.75 1.59 0.88 1.59 
11/29/2011 0.48 0.57 0.45 0.60 0.60 1.53 0.60 1.53 
11/30/2011 0.47 0.40 0.32 0.50 0.48 1.49 0.50 1.49 
12/1/2011 0.64 0.55 0.49 0.65 0.65 1.47 0.65 1.47 
12/2/2011 0.64 0.56 0.49 0.66 0.68 1.46 0.66 1.46 
12/3/2011 0.96 0.90 0.84 0.98 1.06 1.51 0.98 1.51 
12/4/2011 1.43 1.43 1.37 1.44 1.54 1.78 1.44 1.78 
12/5/2011 1.66 1.72 1.64 1.69 1.81 1.96 1.69 1.96 
12/6/2011 1.43 1.41 1.32 1.56 1.40 1.96 1.56 1.96 
12/7/2011 0.83 0.82 0.70 0.99 0.75 1.81 0.99 1.81 
12/8/2011 0.48 0.37 0.31 0.49 0.43 1.68 0.49 1.68 
12/9/2011 0.60 0.55 0.48 0.65 0.63 1.58 0.65 1.58 
12/10/2011 0.47 0.28 0.25 0.46 0.36 1.53 0.46 1.53 
12/11/2011 0.34 0.16 0.11 0.30 0.29 1.50 0.30 1.50 
12/12/2011 0.39 0.29 0.24 0.41 0.42 1.47 0.41 1.47 
12/13/2011 0.57 0.48 0.43 0.61 0.62 1.45 0.61 1.45 
12/14/2011 0.78 0.72 0.67 0.82 0.87 1.44 0.82 1.44 
12/15/2011 0.96 0.94 0.88 1.01 1.10 1.43 1.01 1.43 
12/16/2011 1.12 1.07 1.00 1.16 1.20 1.43 1.16 1.43 
12/17/2011 0.75 0.58 0.54 0.76 0.73 1.42 0.76 1.42 
12/18/2011 0.55 0.41 0.36 0.52 0.61 1.39 0.52 1.39 
12/19/2011 0.81 0.72 0.68 0.83 0.89 1.38 0.83 1.38 
12/20/2011 1.10 1.10 1.03 1.15 1.25 1.37 1.15 1.37 
12/21/2011 1.31 1.29 1.22 1.33 1.44 1.40 1.33 1.40 
12/22/2011 1.43 1.45 1.36 1.46 1.51 1.64 1.46 1.64 
12/23/2011 1.30 1.10 1.07 1.29 1.20 1.59 1.29 1.59 
12/24/2011 1.12 0.92 0.88 1.08 1.01 1.53 1.08 1.53 
12/25/2011 1.10 0.93 0.88 1.07 1.02 1.51 1.07 1.51 
12/26/2011 1.09 1.08 0.99 1.14 1.14 1.50 1.14 1.50 
12/27/2011 0.71 0.81 0.68 0.84 0.86 1.51 0.84 1.51 
12/28/2011 0.56 0.54 0.45 0.61 0.63 1.47 0.61 1.47 
12/29/2011 0.77 0.76 0.66 0.81 0.87 1.45 0.81 1.45 
12/30/2011 0.91 0.96 0.84 0.97 1.06 1.43 0.97 1.43 
12/31/2011 0.93 0.94 0.83 0.98 1.02 1.42 0.98 1.42 
1/1/2012 0.94 0.91 0.80 0.99 0.97 1.42 0.99 1.42 
1/2/2012 0.39 0.25 0.15 0.39 0.27 1.39 0.39 1.39 
1/3/2012 0.02 -0.10 -0.20 0.01 0.00 1.36 0.01 1.36 
1/4/2012 0.16 0.17 0.06 0.21 0.30 1.26 0.21 1.26 
1/5/2012 0.38 0.40 0.28 0.44 0.53 1.17 0.44 1.17 
1/6/2012 0.49 0.51 0.39 0.53 0.68 1.16 0.53 1.16 
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1/7/2012 0.69 0.71 0.59 0.74 0.85 1.16 0.74 1.16 
1/8/2012 0.81 0.83 0.71 0.86 0.97 1.15 0.86 1.15 
1/9/2012 0.90 0.88 0.77 0.94 1.00 1.15 0.94 1.15 
1/10/2012 1.17 1.30 1.16 1.23 1.41 1.21 1.23 1.21 
1/11/2012 0.94 1.14 0.95 1.12 1.18 1.41 1.12 1.41 
1/12/2012 0.72 0.79 0.63 0.82 0.84 1.35 0.82 1.35 
1/13/2012 0.12 0.08 -0.05 0.17 0.14 1.30 0.17 1.30 
1/14/2012 -0.03 0.02 -0.11 0.03 0.18 1.27 0.03 1.27 
1/15/2012 0.07 0.07 -0.05 0.12 0.23 1.25 0.12 1.25 
1/16/2012 0.35 0.37 0.26 0.40 0.54 1.23 0.40 1.23 
1/17/2012 0.64 0.72 0.59 0.72 0.89 1.23 0.72 1.23 
1/18/2012 0.71 0.57 0.50 0.69 0.79 1.26 0.69 1.26 
1/19/2012 0.67 0.66 0.54 0.69 0.82 1.22 0.69 1.22 
1/20/2012 0.80 0.91 0.76 0.89 1.06 1.22 0.89 1.22 
1/21/2012 0.96 1.01 0.88 1.01 1.15 1.21 1.01 1.21 
1/22/2012 1.00 1.07 0.95 1.07 1.20 1.20 1.07 1.20 
1/23/2012 1.15 1.18 1.05 1.19 1.28 1.25 1.19 1.25 
1/24/2012 1.09 0.93 0.86 1.06 1.08 1.28 1.06 1.28 
1/25/2012 1.20 1.21 1.15 1.23 1.35 1.34 1.23 1.34 
1/26/2012 1.36 1.56 1.41 1.51 1.61 1.61 1.51 1.61 
1/27/2012 0.86 0.85 0.75 1.01 0.87 1.47 1.01 1.47 
1/28/2012 0.57 0.52 0.44 0.64 0.63 1.38 0.64 1.38 
1/29/2012 0.22 0.09 0.03 0.23 0.22 1.34 0.23 1.34 
1/30/2012 0.23 0.16 0.11 0.28 0.37 1.30 0.28 1.30 
1/31/2012 0.47 0.46 0.38 0.54 0.63 1.28 0.54 1.28 
2/1/2012 0.70 0.71 0.62 0.77 0.89 1.31 0.77 1.31 
2/2/2012 0.86 0.83 0.76 0.92 0.94 1.33 0.92 1.33 
2/3/2012 1.07 1.01 0.96 1.10 1.10 1.42 1.10 1.42 
2/4/2012 1.13 1.16 1.08 1.22 1.23 1.60 1.22 1.60 
2/5/2012 0.92 0.83 0.75 0.97 0.94 1.58 0.97 1.58 
2/6/2012 0.57 0.44 0.38 0.56 0.64 1.54 0.56 1.54 
2/7/2012 0.61 0.55 0.47 0.62 0.76 1.51 0.62 1.51 
2/8/2012 0.63 0.52 0.45 0.63 0.71 1.48 0.63 1.48 
2/9/2012 0.54 0.40 0.35 0.51 0.64 1.46 0.51 1.46 
2/10/2012 0.73 0.67 0.59 0.77 0.87 1.47 0.77 1.47 
2/11/2012 0.35 0.13 0.05 0.33 0.28 1.49 0.33 1.49 
2/12/2012 -0.15 -0.45 -0.47 -0.25 -0.19 1.44 -0.25 1.44 
2/13/2012 0.06 -0.07 -0.11 0.05 0.23 1.42 0.05 1.42 
2/14/2012 0.60 0.62 0.53 0.66 0.94 1.53 0.66 1.53 
2/15/2012 0.82 0.79 0.72 0.88 0.98 1.50 0.88 1.50 
2/16/2012 0.89 0.86 0.77 0.95 1.04 1.52 0.95 1.52 
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2/17/2012 0.80 0.74 0.67 0.85 0.91 1.50 0.85 1.50 
2/18/2012 1.05 1.01 0.97 1.11 1.21 1.54 1.11 1.54 
2/19/2012 1.09 1.11 0.99 1.21 1.19 1.62 1.21 1.62 
2/20/2012 0.71 0.56 0.49 0.71 0.68 1.55 0.71 1.55 
2/21/2012 0.74 0.72 0.63 0.80 0.85 1.53 0.80 1.53 
2/22/2012 0.69 0.82 0.68 0.81 0.98 1.50 0.81 1.50 
2/23/2012 0.83 1.08 0.90 0.99 1.24 1.48 0.99 1.48 
2/24/2012 1.07 0.93 0.82 1.08 1.05 1.47 1.08 1.47 
2/25/2012 0.52 0.28 0.20 0.46 0.42 1.44 0.46 1.44 
2/26/2012 0.62 0.41 0.34 0.55 0.66 1.41 0.55 1.41 
2/27/2012 0.74 0.54 0.47 0.69 0.72 1.41 0.69 1.41 
2/28/2012 0.78 0.77 0.65 0.82 0.92 1.42 0.82 1.42 
2/29/2012 0.90 0.96 0.81 0.96 1.07 1.41 0.96 1.41 
3/1/2012 0.89 0.98 0.82 0.97 1.08 1.40 0.97 1.40 
3/2/2012 1.00 1.29 1.08 1.17 1.37 NaN 1.17 NaN 
3/3/2012 1.14 0.97 0.85 1.14 1.09 NaN 1.14 NaN 
3/4/2012 0.35 0.41 0.25 0.45 0.50 NaN 0.45 NaN 
3/5/2012 0.23 0.27 0.12 0.31 0.41 NaN 0.31 NaN 
3/6/2012 0.37 0.28 0.19 0.38 0.41 NaN 0.38 NaN 
3/7/2012 0.82 0.74 0.66 0.81 0.94 NaN 0.81 NaN 
3/8/2012 1.30 1.33 1.21 1.31 1.48 NaN 1.31 NaN 
3/9/2012 1.31 1.11 1.02 1.27 1.22 NaN 1.27 NaN 
3/10/2012 1.10 0.85 0.78 0.99 1.07 NaN 0.99 NaN 
3/11/2012 1.28 1.20 1.11 1.25 1.38 NaN 1.25 NaN 
3/12/2012 1.38 1.34 1.22 1.38 1.49 NaN 1.38 NaN 
3/13/2012 1.41 1.39 1.25 1.42 1.47 NaN 1.42 NaN 
3/14/2012 1.34 1.32 1.19 1.37 1.36 NaN 1.37 NaN 
3/15/2012 1.26 1.24 1.11 1.29 1.27 NaN 1.29 NaN 
3/16/2012 1.18 1.17 1.04 1.21 1.18 NaN 1.21 NaN 
3/17/2012 1.23 1.22 1.09 1.24 1.28 NaN 1.24 NaN 
3/18/2012 1.40 1.39 1.27 1.38 1.43 NaN 1.38 NaN 
3/19/2012 1.61 1.56 1.48 1.55 1.62 NaN 1.55 NaN 
3/20/2012 2.02 1.99 1.94 1.86 2.12 NaN 1.86 NaN 
3/21/2012 2.38 2.47 2.34 2.31 2.53 NaN 2.31 NaN 
3/22/2012 2.09 2.04 1.92 2.27 1.90 NaN 2.27 NaN 
3/23/2012 2.05 2.01 1.87 2.27 1.87 NaN 2.27 NaN 
3/24/2012 1.75 1.69 1.55 1.98 1.59 NaN 1.98 NaN 
3/25/2012 1.41 1.35 1.21 1.62 1.33 NaN 1.62 NaN 
3/26/2012 1.20 1.14 1.03 1.39 1.17 NaN 1.39 NaN 
3/27/2012 1.13 1.09 1.00 1.34 1.14 NaN 1.34 NaN 
3/28/2012 1.24 1.21 1.12 1.42 1.24 NaN 1.42 NaN 
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3/29/2012 1.31 1.28 1.18 1.48 1.33 NaN 1.48 NaN 
3/30/2012 1.30 1.34 1.23 1.49 1.40 NaN 1.49 NaN 
3/31/2012 1.29 1.34 1.21 1.49 1.37 NaN 1.49 NaN 
4/1/2012 1.25 1.29 1.18 1.43 1.35 NaN 1.43 NaN 
4/2/2012 1.52 1.53 1.45 1.64 1.61 NaN 1.64 NaN 
4/3/2012 1.83 1.82 1.73 1.96 1.84 NaN 1.96 NaN 
4/4/2012 1.99 1.84 1.80 2.08 1.80 NaN 2.08 NaN 
4/5/2012 1.73 1.71 1.60 1.97 1.64 NaN 1.97 NaN 
4/6/2012 1.45 1.32 1.23 1.67 1.30 NaN 1.67 NaN 
4/7/2012 1.37 1.22 1.16 1.46 1.29 NaN 1.46 NaN 
4/8/2012 1.40 1.35 1.26 1.51 1.40 NaN 1.51 NaN 
4/9/2012 1.32 1.27 1.18 1.44 1.34 NaN 1.44 NaN 
4/10/2012 1.22 1.20 1.10 1.34 1.29 NaN 1.34 NaN 
4/11/2012 1.16 1.10 1.02 1.27 1.22 NaN 1.27 NaN 
4/12/2012 1.24 1.06 1.01 1.24 1.18 NaN 1.24 NaN 
4/13/2012 1.40 1.33 1.26 1.43 1.41 NaN 1.43 NaN 
4/14/2012 1.63 1.57 1.51 1.64 1.64 NaN 1.64 NaN 
4/15/2012 1.89 2.01 1.91 1.90 2.09 NaN 1.90 NaN 
4/16/2012 1.98 2.02 1.93 2.09 2.00 NaN 2.09 NaN 
4/17/2012 1.91 1.77 1.69 2.05 1.77 NaN 2.05 NaN 
4/18/2012 1.38 1.25 1.18 1.70 1.17 NaN 1.70 NaN 
4/19/2012 1.19 1.13 1.03 1.33 1.20 NaN 1.33 NaN 
4/20/2012 1.28 1.28 1.18 1.35 1.37 NaN 1.35 NaN 
4/21/2012 1.38 1.26 1.18 1.47 1.37 NaN 1.47 NaN 
4/22/2012 0.82 0.69 0.60 0.98 0.73 NaN 0.98 NaN 
4/23/2012 0.44 0.25 0.18 0.46 0.37 NaN 0.46 NaN 
4/24/2012 0.41 0.42 0.32 0.45 0.56 NaN 0.45 NaN 
4/25/2012 0.66 0.78 0.65 0.78 0.83 NaN 0.78 NaN 
4/26/2012 0.89 1.04 0.90 1.03 1.09 NaN 1.03 NaN 
4/27/2012 1.05 1.15 1.03 1.17 1.17 NaN 1.17 NaN 
4/28/2012 1.17 1.23 1.13 1.27 1.27 NaN 1.27 NaN 
4/29/2012 1.28 1.29 1.20 1.36 1.31 NaN 1.36 NaN 
4/30/2012 1.23 1.22 1.12 1.30 1.24 NaN 1.30 NaN 
5/1/2012 1.21 1.10 1.03 1.23 1.15 NaN 1.23 NaN 
5/2/2012 1.46 1.50 1.40 1.50 1.58 NaN 1.50 NaN 
5/3/2012 1.45 1.46 1.36 1.53 1.50 NaN 1.53 NaN 
5/4/2012 1.28 1.32 1.20 1.39 1.31 NaN 1.39 NaN 
5/5/2012 1.19 1.23 1.10 1.29 1.21 NaN 1.29 NaN 
5/6/2012 1.19 1.21 1.10 1.27 1.21 NaN 1.27 NaN 
5/7/2012 1.24 1.21 1.10 1.29 1.21 NaN 1.29 NaN 
5/8/2012 1.24 1.24 1.12 1.31 1.24 NaN 1.31 NaN 
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5/9/2012 1.10 1.08 0.97 1.19 1.08 NaN 1.19 NaN 
5/10/2012 1.00 0.92 0.82 1.00 0.96 NaN 1.00 NaN 
5/11/2012 1.37 1.29 1.20 1.34 1.37 NaN 1.34 NaN 
5/12/2012 1.55 1.64 1.51 1.63 1.60 NaN 1.63 NaN 
5/13/2012 1.30 1.33 1.20 1.45 1.23 NaN 1.45 NaN 
5/14/2012 0.95 0.92 0.80 1.03 0.93 NaN 1.03 NaN 
5/15/2012 0.99 1.01 0.88 1.06 1.01 NaN 1.06 NaN 
5/16/2012 1.06 1.08 0.95 1.12 1.06 NaN 1.12 NaN 
5/17/2012 1.00 1.05 0.92 1.09 1.02 NaN 1.09 NaN 
5/18/2012 0.99 1.02 0.90 1.08 1.03 NaN 1.08 NaN 
5/19/2012 1.13 1.10 1.00 1.16 1.13 NaN 1.16 NaN 
5/20/2012 1.15 1.12 1.01 1.19 1.14 NaN 1.19 NaN 
5/21/2012 1.02 1.06 0.93 1.10 1.04 NaN 1.10 NaN 
5/22/2012 0.85 0.89 0.75 0.90 0.86 NaN 0.90 NaN 
5/23/2012 0.80 0.86 0.70 0.85 0.86 NaN 0.85 NaN 
5/24/2012 1.02 1.12 0.98 1.08 1.13 NaN 1.08 NaN 
5/25/2012 1.26 1.29 1.16 1.29 1.27 NaN 1.29 NaN 
5/26/2012 1.17 1.13 1.02 1.19 1.09 NaN 1.19 NaN 
5/27/2012 1.00 0.99 0.85 1.02 1.00 NaN 1.02 NaN 
5/28/2012 0.78 0.83 0.66 0.84 0.81 NaN 0.84 NaN 
5/29/2012 0.44 0.55 0.37 0.52 0.56 NaN 0.52 NaN 
5/30/2012 0.36 0.45 0.28 0.42 0.50 NaN 0.42 NaN 
5/31/2012 0.61 0.70 0.56 0.67 0.76 NaN 0.67 NaN 
6/1/2012 0.75 0.76 0.59 0.78 0.83 NaN 0.78 NaN 
6/2/2012 0.66 0.63 0.51 0.66 0.72 NaN 0.66 NaN 
6/3/2012 0.78 0.84 0.70 0.84 0.89 NaN 0.84 NaN 
6/4/2012 0.82 0.90 0.74 0.88 0.94 NaN 0.88 NaN 
6/5/2012 0.84 0.92 0.76 0.89 1.00 NaN 0.89 NaN 
6/6/2012 0.94 0.98 0.85 0.99 1.08 NaN 0.99 NaN 
6/7/2012 1.04 0.99 0.88 1.04 1.09 NaN 1.04 NaN 
6/8/2012 1.15 1.03 0.94 1.10 1.14 NaN 1.10 NaN 
6/9/2012 1.37 1.31 1.19 1.32 1.41 NaN 1.32 NaN 
6/10/2012 1.68 1.82 1.68 1.70 1.87 NaN 1.70 NaN 
6/11/2012 1.61 1.72 1.57 1.71 1.66 NaN 1.71 NaN 
6/12/2012 1.33 1.29 1.17 1.43 1.27 NaN 1.43 NaN 
6/13/2012 1.00 0.97 0.85 1.06 1.01 NaN 1.06 NaN 
6/14/2012 0.87 0.81 0.71 0.89 0.89 NaN 0.89 NaN 
6/15/2012 0.97 0.90 0.80 0.97 0.95 NaN 0.97 NaN 
6/16/2012 1.30 1.06 1.02 1.17 1.21 NaN 1.17 NaN 
6/17/2012 1.60 1.50 1.43 1.50 1.62 NaN 1.50 NaN 
6/18/2012 1.86 1.84 1.75 1.78 1.92 NaN 1.78 NaN 
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6/19/2012 2.01 1.94 1.87 1.94 1.97 NaN 1.94 NaN 
6/20/2012 1.98 1.87 1.79 1.94 1.88 NaN 1.94 NaN 
6/21/2012 1.86 1.73 1.65 1.85 1.74 NaN 1.85 NaN 
6/22/2012 1.78 1.64 1.57 1.76 1.69 NaN 1.76 NaN 
6/23/2012 1.90 1.74 1.68 1.82 1.84 NaN 1.82 NaN 
6/24/2012 1.83 1.71 1.61 1.81 1.75 NaN 1.81 NaN 
6/25/2012 1.80 1.73 1.61 1.75 1.87 NaN 1.75 NaN 
6/26/2012 1.92 1.90 1.77 1.85 1.98 NaN 1.85 NaN 
6/27/2012 1.85 1.84 1.71 1.85 1.85 NaN 1.85 NaN 
6/28/2012 1.81 1.82 1.68 1.81 1.80 NaN 1.81 NaN 
6/29/2012 1.66 1.66 1.52 1.70 1.63 NaN 1.70 NaN 
6/30/2012 1.55 1.55 1.41 1.58 1.52 NaN 1.58 NaN 
7/1/2012 1.51 1.53 1.38 1.53 1.51 NaN 1.53 NaN 
7/2/2012 1.36 1.33 1.19 1.40 1.30 NaN 1.40 NaN 
7/3/2012 1.20 1.17 1.03 1.22 1.17 NaN 1.22 NaN 
7/4/2012 1.16 1.14 1.01 1.17 1.17 NaN 1.17 NaN 
7/5/2012 1.17 1.15 1.02 1.16 1.19 NaN 1.16 NaN 
7/6/2012 1.16 1.12 0.99 1.15 1.16 NaN 1.15 NaN 
7/7/2012 1.17 1.14 1.01 1.15 1.18 NaN 1.15 NaN 
7/8/2012 1.22 1.18 1.06 1.23 1.17 NaN 1.23 NaN 
7/9/2012 1.12 1.10 0.97 1.12 1.13 NaN 1.12 NaN 
7/10/2012 1.11 1.12 0.99 1.13 1.12 NaN 1.13 NaN 
7/11/2012 1.15 1.12 0.98 1.13 1.13 NaN 1.13 NaN 
7/12/2012 1.21 1.15 1.04 1.18 1.17 NaN 1.18 NaN 
7/13/2012 1.21 1.15 1.03 1.19 1.16 NaN 1.19 NaN 
7/14/2012 1.17 1.08 0.97 1.14 1.11 NaN 1.14 NaN 
7/15/2012 1.19 1.12 1.01 1.15 1.17 NaN 1.15 NaN 
7/16/2012 1.27 1.22 1.10 1.23 1.24 NaN 1.23 NaN 
7/17/2012 1.28 1.24 1.12 1.25 1.26 NaN 1.25 NaN 
7/18/2012 1.23 1.21 1.06 1.22 1.20 NaN 1.22 NaN 
7/19/2012 1.27 1.23 1.11 1.26 1.24 NaN 1.26 NaN 
7/20/2012 1.28 1.31 1.17 1.37 1.24 NaN 1.37 NaN 
7/21/2012 1.34 1.27 1.16 1.37 1.23 NaN 1.37 NaN 
7/22/2012 1.41 1.32 1.23 1.38 1.33 NaN 1.38 NaN 
7/23/2012 1.44 1.34 1.24 1.40 1.36 NaN 1.40 NaN 
7/24/2012 1.33 1.30 1.17 1.34 1.28 NaN 1.34 NaN 
7/25/2012 1.25 1.23 1.10 1.24 1.23 NaN 1.24 NaN 
7/26/2012 1.26 1.25 1.11 1.26 1.24 NaN 1.26 NaN 
7/27/2012 1.33 1.33 1.18 1.32 1.33 NaN 1.32 NaN 
7/28/2012 1.25 1.24 1.11 1.26 1.24 NaN 1.26 NaN 
7/29/2012 1.17 1.17 1.04 1.18 1.16 NaN 1.18 NaN 
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7/30/2012 1.13 1.15 1.01 1.14 1.15 NaN 1.14 NaN 
7/31/2012 1.08 1.08 0.94 1.09 1.08 NaN 1.09 NaN 
8/1/2012 0.98 1.00 0.85 1.00 1.01 NaN 1.00 NaN 
8/2/2012 0.94 0.92 0.79 0.93 0.96 NaN 0.93 NaN 
8/3/2012 1.02 1.01 0.88 1.01 1.06 NaN 1.01 NaN 
8/4/2012 1.13 1.09 0.95 1.10 1.12 NaN 1.10 NaN 
8/5/2012 1.14 1.04 0.93 1.09 1.06 NaN 1.09 NaN 
8/6/2012 1.02 0.94 0.84 0.99 0.98 1.57 0.99 1.57 
8/7/2012 1.08 1.02 0.91 1.04 1.06 1.55 1.04 1.55 
8/8/2012 1.22 1.17 1.07 1.19 1.21 1.54 1.19 1.54 
8/9/2012 1.24 1.23 1.11 1.23 1.21 1.55 1.23 1.55 
8/10/2012 1.17 1.24 1.10 1.22 1.24 1.57 1.22 1.57 
8/11/2012 1.18 1.15 1.04 1.18 1.14 1.57 1.18 1.57 
8/12/2012 1.16 1.10 0.99 1.14 1.10 1.55 1.14 1.55 
8/13/2012 1.16 1.19 1.04 1.16 1.17 1.54 1.16 1.54 
8/14/2012 1.11 1.17 1.01 1.15 1.14 1.54 1.15 1.54 
8/15/2012 1.09 1.08 0.96 1.10 1.09 1.53 1.10 1.53 
8/16/2012 1.14 1.09 0.98 1.12 1.19 1.51 1.12 1.51 
8/17/2012 1.17 1.13 1.01 1.16 1.26 1.53 1.16 1.53 
8/18/2012 1.22 1.22 1.10 1.22 1.36 1.59 1.22 1.59 
8/19/2012 1.31 1.27 1.14 1.33 1.36 1.71 1.33 1.71 
8/20/2012 1.34 1.26 1.15 1.32 1.38 1.71 1.32 1.71 
8/21/2012 1.31 1.21 1.12 1.29 1.32 1.68 1.29 1.68 
8/22/2012 1.23 1.12 1.02 1.19 1.22 1.67 1.19 1.67 
8/23/2012 1.29 1.21 1.11 1.25 1.32 1.69 1.25 1.69 
8/24/2012 1.43 1.36 1.26 1.41 1.47 1.82 1.41 1.82 
8/25/2012 1.55 1.41 1.32 1.49 1.54 1.87 1.49 1.87 
8/26/2012 1.62 1.49 1.40 1.56 1.63 1.85 1.56 1.85 
8/27/2012 1.43 1.19 1.12 1.37 1.35 1.77 1.37 1.77 
8/28/2012 1.28 0.02 0.09 0.76 0.15 1.73 0.76 1.73 
8/29/2012 2.61 1.54 1.51 2.08 1.96 2.65 2.08 2.65 
8/30/2012 3.90 4.44 4.21 3.98 4.22 3.77 3.98 3.77 
8/31/2012 3.60 3.59 3.45 3.72 3.32 3.87 3.72 3.87 
9/1/2012 2.92 2.84 2.69 3.09 2.51 3.53 3.09 3.53 
9/2/2012 2.39 2.28 2.13 2.63 2.01 3.25 2.63 3.25 
9/3/2012 2.01 1.90 1.74 2.26 1.74 3.00 2.26 3.00 
9/4/2012 1.69 1.60 1.42 1.94 1.50 2.79 1.94 2.79 
9/5/2012 1.47 1.38 1.20 1.64 1.36 2.62 1.64 2.62 
9/6/2012 1.25 1.06 0.95 1.35 1.10 2.47 1.35 2.47 
9/7/2012 1.42 1.31 1.22 1.44 1.37 2.34 1.44 2.34 
9/8/2012 1.51 1.43 1.32 1.55 1.49 2.26 1.55 2.26 
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9/9/2012 1.30 1.09 1.01 1.31 1.18 2.17 1.31 2.17 
9/10/2012 1.32 1.19 1.09 1.34 1.28 2.10 1.34 2.10 
9/11/2012 1.48 1.37 1.27 1.50 1.47 2.06 1.50 2.06 
9/12/2012 1.55 1.47 1.36 1.59 1.54 2.04 1.59 2.04 
9/13/2012 1.78 1.69 1.58 1.75 1.79 2.06 1.75 2.06 
9/14/2012 1.79 1.69 1.58 1.81 1.79 2.06 1.81 2.06 
9/15/2012 1.71 1.63 1.51 1.79 1.69 2.04 1.79 2.04 
9/16/2012 1.68 1.61 1.49 1.74 1.69 2.00 1.74 2.00 
9/17/2012 1.92 1.99 1.83 1.98 2.04 2.13 1.98 2.13 
9/18/2012 1.80 1.78 1.63 1.95 1.76 2.19 1.95 2.19 
9/19/2012 1.51 1.37 1.25 1.61 1.43 2.09 1.61 2.09 
9/20/2012 1.48 1.36 1.24 1.51 1.40 2.03 1.51 2.03 
9/21/2012 1.47 1.40 1.27 1.51 1.47 1.99 1.51 1.99 
9/22/2012 1.44 1.40 1.25 1.51 1.44 1.95 1.51 1.95 
9/23/2012 1.28 1.25 1.09 1.36 1.30 1.90 1.36 1.90 
9/24/2012 1.18 1.15 1.00 1.25 1.22 1.85 1.25 1.85 
9/25/2012 1.24 1.18 1.04 1.27 1.27 1.81 1.27 1.81 
9/26/2012 1.37 1.32 1.18 1.39 1.38 1.80 1.39 1.80 
9/27/2012 1.40 1.35 1.21 1.43 1.41 1.79 1.43 1.79 
9/28/2012 1.43 1.40 1.25 1.47 1.48 1.79 1.47 1.79 
9/29/2012 1.44 1.42 1.28 1.52 1.44 1.86 1.52 1.86 
9/30/2012 1.70 1.83 1.66 1.81 1.88 1.99 1.81 1.99 
10/1/2012 1.60 1.73 1.52 1.83 1.67 2.04 1.83 2.04 
10/2/2012 1.10 1.09 0.94 1.31 1.07 1.94 1.31 1.94 
10/3/2012 1.26 1.21 1.08 1.35 1.25 1.88 1.35 1.88 
10/4/2012 1.26 1.21 1.07 1.36 1.22 1.85 1.36 1.85 
10/5/2012 1.12 1.07 0.93 1.21 1.14 1.80 1.21 1.80 
10/6/2012 1.13 1.08 0.94 1.21 1.17 1.76 1.21 1.76 
10/7/2012 0.95 0.73 0.63 0.95 0.92 1.72 0.95 1.72 
10/8/2012 0.71 0.55 0.43 0.72 0.74 1.68 0.72 1.68 
10/9/2012 0.80 0.72 0.60 0.85 0.89 1.64 0.85 1.64 
10/10/2012 0.97 0.93 0.79 1.05 1.06 1.62 1.05 1.62 
10/11/2012 1.00 0.95 0.81 1.07 1.03 1.60 1.07 1.60 
10/12/2012 1.10 1.03 0.90 1.16 1.14 1.58 1.16 1.58 
10/13/2012 1.19 1.17 1.03 1.27 1.27 1.57 1.27 1.57 
10/14/2012 1.33 1.33 1.19 1.42 1.40 1.57 1.42 1.57 
10/15/2012 1.22 1.18 1.04 1.32 1.23 1.58 1.32 1.58 
10/16/2012 1.15 1.03 0.91 1.18 1.15 1.56 1.18 1.56 
10/17/2012 1.45 1.53 1.37 1.55 1.64 1.58 1.55 1.58 
10/18/2012 1.59 1.54 1.39 1.66 1.60 1.69 1.66 1.69 
10/19/2012 1.32 1.32 1.17 1.45 1.38 1.63 1.45 1.63 
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10/20/2012 1.21 1.21 1.07 1.34 1.31 1.59 1.34 1.59 
10/21/2012 1.33 1.29 1.16 1.42 1.37 1.56 1.42 1.56 
10/22/2012 1.36 1.28 1.16 1.44 1.36 1.55 1.44 1.55 
10/23/2012 1.44 1.39 1.25 1.50 1.49 1.54 1.50 1.54 
10/24/2012 1.57 1.52 1.38 1.63 1.60 1.58 1.63 1.58 
10/25/2012 1.63 1.59 1.45 1.70 1.67 1.66 1.70 1.66 
10/26/2012 1.48 1.38 1.28 1.58 1.50 1.67 1.58 1.67 
10/27/2012 0.89 0.80 0.54 0.94 0.83 1.62 0.94 1.62 
10/28/2012 0.21 0.25 -0.06 0.29 0.26 1.57 0.29 1.57 
10/29/2012 -0.15 -0.24 -0.46 -0.12 -0.07 1.52 -0.12 1.52 
10/30/2012 0.00 0.04 -0.14 0.14 0.31 1.49 0.14 1.49 
10/31/2012 0.34 0.40 0.25 0.50 0.56 1.46 0.50 1.46 
 
D.5.2. Tide stations 9-16 Data 
  BA01-42 BA02-56 BA02-57 BA03c-16 BA03c-60 BA03c-61 BA04-10 BA04-17 
 -90.30 -90.27 -90.26 -90.02 -90.08 -90.03 -89.82 -89.82 
  29.85 29.56 29.49 29.69 29.70 29.62 29.50 29.52 
11/1/2011 NaN 0.80 0.79 NaN NaN 0.55 1.02 0.70 
11/2/2011 NaN 1.10 1.12 NaN NaN 0.85 1.27 0.94 
11/3/2011 NaN 1.03 0.93 NaN NaN 0.88 1.33 1.05 
11/4/2011 NaN 0.50 0.40 NaN NaN 0.29 0.85 0.51 
11/5/2011 NaN 0.69 0.73 NaN NaN 0.39 0.96 0.60 
11/6/2011 NaN 1.12 1.19 NaN NaN 0.81 1.28 0.94 
11/7/2011 NaN 1.27 1.30 NaN NaN 0.96 1.37 1.02 
11/8/2011 NaN 1.47 1.48 NaN NaN 1.25 1.67 1.34 
11/9/2011 NaN 1.49 1.47 NaN NaN 1.30 1.81 1.49 
11/10/2011 NaN 0.89 0.84 NaN NaN 0.42 0.88 0.60 
11/11/2011 NaN 0.62 0.62 NaN NaN 0.39 0.96 0.62 
11/12/2011 NaN 0.93 0.95 NaN NaN 0.72 1.16 0.86 
11/13/2011 NaN 1.06 1.02 NaN NaN 0.87 1.34 1.02 
11/14/2011 NaN 1.24 1.21 NaN NaN 1.10 1.63 1.32 
11/15/2011 NaN 1.43 1.39 NaN NaN 1.30 1.78 1.47 
11/16/2011 NaN 1.55 1.47 NaN NaN 1.54 2.11 1.74 
11/17/2011 NaN 1.26 1.20 NaN NaN 0.95 1.36 1.02 
11/18/2011 NaN 1.02 1.07 NaN NaN 0.66 1.17 0.68 
11/19/2011 NaN 1.21 1.22 NaN NaN 0.99 1.50 1.05 
11/20/2011 NaN 1.34 1.33 NaN NaN 1.15 1.67 1.22 
11/21/2011 NaN 1.34 1.30 NaN NaN 1.12 1.55 1.12 
11/22/2011 NaN 1.47 1.41 NaN NaN 1.34 1.82 1.40 
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11/23/2011 NaN 1.41 1.37 NaN NaN 1.19 1.65 1.28 
11/24/2011 NaN 1.22 1.25 NaN NaN 0.88 1.23 0.81 
11/25/2011 NaN 1.28 1.31 NaN NaN 1.00 1.41 0.99 
11/26/2011 NaN 1.57 1.61 NaN NaN 1.42 1.90 1.46 
11/27/2011 NaN 1.53 1.45 NaN NaN 1.42 1.98 1.61 
11/28/2011 NaN 0.83 0.64 NaN NaN 0.72 1.38 1.00 
11/29/2011 NaN 0.60 0.50 NaN NaN 0.53 1.15 0.76 
11/30/2011 NaN 0.59 0.58 NaN NaN 0.40 0.90 0.48 
12/1/2011 NaN 0.75 0.77 NaN NaN 0.51 0.97 0.55 
12/2/2011 NaN 0.77 0.79 NaN NaN 0.52 0.99 0.56 
12/3/2011 NaN 1.10 1.13 NaN NaN 0.89 1.35 0.91 
12/4/2011 NaN 1.52 1.52 NaN NaN 1.36 1.73 1.30 
12/5/2011 NaN 1.75 1.72 NaN NaN 1.65 2.04 1.63 
12/6/2011 NaN 1.53 1.42 NaN NaN 1.30 1.75 1.37 
12/7/2011 NaN 0.89 0.69 NaN NaN 0.64 1.14 0.80 
12/8/2011 NaN 0.58 0.54 NaN NaN 0.21 0.70 0.22 
12/9/2011 NaN 0.72 0.70 NaN NaN 0.51 0.99 0.61 
12/10/2011 NaN 0.57 0.53 NaN NaN 0.27 0.66 0.29 
12/11/2011 NaN 0.50 0.52 NaN NaN 0.17 0.62 0.21 
12/12/2011 NaN 0.58 0.62 NaN NaN 0.30 0.80 0.38 
12/13/2011 NaN 0.81 0.83 NaN NaN 0.51 0.95 0.54 
12/14/2011 NaN 1.01 1.00 NaN NaN 0.75 1.25 0.83 
12/15/2011 0.84 1.18 1.11 NaN NaN 0.97 1.50 1.09 
12/16/2011 0.95 1.29 1.20 NaN NaN 1.10 1.63 1.22 
12/17/2011 0.43 0.95 0.84 NaN NaN 0.65 1.15 0.76 
12/18/2011 0.29 0.82 0.80 NaN NaN 0.48 1.04 0.59 
12/19/2011 0.65 1.04 1.02 NaN NaN 0.77 1.34 0.90 
12/20/2011 0.99 1.31 1.24 NaN NaN 1.13 1.70 1.33 
12/21/2011 1.22 1.49 1.41 NaN NaN 1.34 1.95 1.64 
12/22/2011 1.42 1.58 1.51 NaN NaN 1.43 1.98 1.67 
12/23/2011 1.19 1.49 1.42 NaN NaN 1.16 1.66 1.41 
12/24/2011 1.06 1.32 1.31 NaN NaN 0.89 1.25 0.98 
12/25/2011 1.03 1.28 1.25 NaN NaN 0.86 1.23 0.94 
12/26/2011 1.11 1.28 1.21 NaN NaN 0.99 1.44 1.15 
12/27/2011 0.89 0.90 0.68 NaN NaN 0.83 1.57 1.32 
12/28/2011 0.74 0.75 0.65 NaN NaN 0.53 1.05 0.75 
12/29/2011 0.86 0.96 0.90 NaN NaN 0.75 1.27 0.97 
12/30/2011 0.97 1.11 1.00 NaN NaN 0.97 1.53 1.23 
12/31/2011 0.99 1.10 1.00 NaN NaN 0.91 1.41 1.11 
1/1/2012 0.96 1.09 0.95 NaN NaN 0.87 1.36 1.10 
1/2/2012 0.56 0.54 0.36 NaN NaN 0.18 0.54 0.30 
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1/3/2012 0.35 0.24 0.14 NaN NaN -0.06 0.44 0.18 
1/4/2012 0.39 0.38 0.32 NaN NaN 0.16 0.78 0.46 
1/5/2012 0.50 0.56 0.43 NaN NaN 0.40 0.93 0.65 
1/6/2012 0.56 0.70 0.61 NaN NaN 0.55 1.14 0.84 
1/7/2012 0.72 0.89 0.78 NaN NaN 0.73 1.21 0.94 
1/8/2012 0.83 1.01 0.90 NaN NaN 0.83 1.31 1.03 
1/9/2012 0.90 1.05 0.94 NaN NaN 0.84 1.22 0.94 
1/10/2012 1.24 1.35 1.27 NaN NaN 1.19 1.45 1.17 
1/11/2012 1.07 1.06 0.76 NaN NaN 1.10 1.79 1.51 
1/12/2012 0.73 0.84 0.59 NaN NaN 0.74 1.17 0.94 
1/13/2012 0.28 0.26 0.09 NaN NaN 0.01 0.49 0.18 
1/14/2012 0.19 0.19 0.10 NaN NaN 0.03 0.60 0.27 
1/15/2012 0.19 0.27 0.20 NaN NaN 0.08 0.63 0.31 
1/16/2012 0.39 0.57 0.51 NaN NaN 0.39 0.91 0.57 
1/17/2012 0.63 0.86 0.73 NaN NaN 0.72 1.24 0.91 
1/18/2012 0.46 0.94 0.83 NaN NaN 0.70 1.19 0.91 
1/19/2012 0.56 0.89 0.79 NaN NaN 0.66 1.16 0.82 
1/20/2012 0.80 1.03 0.88 NaN NaN 0.91 1.42 1.12 
1/21/2012 0.88 1.14 0.96 NaN NaN 1.02 1.49 1.22 
1/22/2012 1.00 1.18 1.04 NaN NaN 1.04 1.42 1.13 
1/23/2012 1.07 1.28 1.12 NaN NaN 1.13 1.55 1.27 
1/24/2012 0.91 1.29 1.24 NaN NaN 0.91 1.22 0.94 
1/25/2012 1.23 1.37 1.32 NaN NaN 1.11 1.40 1.08 
1/26/2012 1.46 1.53 1.31 NaN NaN 1.42 1.83 1.52 
1/27/2012 0.94 0.99 0.68 NaN NaN 0.71 1.12 0.85 
1/28/2012 0.65 0.76 0.56 NaN NaN 0.48 0.90 0.61 
1/29/2012 0.38 0.47 0.33 NaN NaN 0.06 0.38 0.10 
1/30/2012 0.41 0.50 0.39 NaN NaN 0.16 0.71 0.35 
1/31/2012 0.60 0.73 0.59 NaN NaN 0.46 0.94 0.62 
2/1/2012 0.81 0.96 0.78 NaN NaN 0.73 1.21 0.90 
2/2/2012 0.99 1.09 0.90 NaN NaN 0.77 1.14 0.86 
2/3/2012 1.25 1.24 1.12 NaN NaN 0.88 1.21 0.91 
2/4/2012 1.35 1.32 1.12 NaN NaN 1.04 1.34 1.08 
2/5/2012 1.18 1.15 0.94 NaN NaN 0.82 1.22 0.98 
2/6/2012 1.02 0.87 0.71 NaN NaN 0.47 0.91 0.63 
2/7/2012 1.04 0.98 0.79 NaN NaN 0.59 1.11 0.81 
2/8/2012 1.05 NaN 0.73 NaN NaN 0.60 1.07 0.82 
2/9/2012 1.03 NaN 0.78 NaN NaN 0.48 0.99 0.65 
2/10/2012 1.12 NaN 0.89 NaN NaN 0.73 1.27 0.94 
2/11/2012 0.53 NaN 0.33 NaN NaN 0.22 0.60 0.36 
2/12/2012 -0.36 NaN 0.03 NaN NaN -0.36 0.10 -0.26 
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2/13/2012 -0.06 NaN 0.33 NaN NaN 0.03 0.76 0.34 
2/14/2012 0.49 NaN 0.87 NaN NaN 0.85 1.50 1.19 
2/15/2012 0.72 NaN 0.91 NaN NaN 0.86 1.28 0.99 
2/16/2012 0.73 NaN 0.91 NaN NaN 0.89 1.32 1.03 
2/17/2012 0.64 NaN 0.85 NaN NaN 0.76 1.10 0.82 
2/18/2012 0.97 NaN 1.12 NaN NaN 1.04 1.45 1.13 
2/19/2012 0.88 NaN 1.05 NaN NaN 1.11 1.57 1.34 
2/20/2012 0.52 NaN 0.71 NaN NaN 0.47 0.78 0.45 
2/21/2012 0.62 NaN 0.77 NaN NaN 0.70 1.11 0.80 
2/22/2012 0.63 0.78 0.71 NaN NaN 0.82 1.32 1.03 
2/23/2012 0.87 1.00 0.82 NaN NaN 1.13 1.66 1.39 
2/24/2012 0.76 1.18 1.06 NaN NaN 1.06 1.38 1.21 
2/25/2012 0.17 0.73 0.62 NaN NaN 0.26 0.46 0.19 
2/26/2012 0.36 0.86 0.85 NaN NaN 0.52 0.96 0.68 
2/27/2012 0.45 0.96 0.95 NaN NaN 0.53 0.88 0.58 
2/28/2012 0.67 0.95 0.89 NaN NaN 0.73 1.08 0.78 
2/29/2012 0.84 1.02 0.92 NaN NaN 0.91 1.23 0.95 
3/1/2012 0.85 0.98 0.84 NaN NaN 0.93 1.30 1.01 
3/2/2012 1.12 1.11 0.95 NaN NaN 1.18 1.54 1.24 
3/3/2012 0.81 1.17 1.05 NaN NaN 1.07 1.38 1.17 
3/4/2012 0.19 0.58 0.37 NaN NaN 0.31 0.75 0.44 
3/5/2012 0.10 0.41 0.25 NaN NaN 0.29 0.82 0.54 
3/6/2012 0.25 0.49 0.41 NaN NaN 0.27 0.61 0.33 
3/7/2012 0.74 0.95 0.98 NaN NaN 0.74 1.10 0.78 
3/8/2012 1.24 1.36 1.37 NaN NaN 1.28 1.58 1.27 
3/9/2012 1.05 1.34 1.31 NaN NaN 1.07 1.20 1.00 
3/10/2012 0.78 1.27 1.33 NaN NaN 0.84 1.10 0.77 
3/11/2012 1.14 1.38 1.42 NaN NaN 1.18 1.47 1.17 
3/12/2012 1.24 1.46 1.44 NaN NaN 1.28 1.61 1.31 
3/13/2012 1.28 1.46 1.40 NaN NaN 1.33 1.64 1.37 
3/14/2012 1.22 1.38 1.30 NaN NaN 1.23 1.47 1.22 
3/15/2012 1.14 1.30 1.22 NaN NaN 1.12 1.36 1.10 
3/16/2012 1.06 1.23 1.14 NaN NaN 1.06 1.31 1.05 
3/17/2012 1.14 1.27 1.22 NaN NaN 1.13 1.42 1.14 
3/18/2012 1.33 1.43 1.38 NaN NaN 1.28 1.49 1.23 
3/19/2012 1.55 1.55 1.54 NaN NaN 1.43 1.58 1.31 
3/20/2012 2.11 1.89 2.11 NaN NaN 1.92 1.95 1.68 
3/21/2012 2.49 2.32 2.58 NaN NaN 2.39 2.48 2.23 
3/22/2012 1.97 2.14 1.91 NaN NaN 1.77 1.83 1.62 
3/23/2012 1.93 2.03 1.74 NaN NaN 1.63 1.85 1.58 
3/24/2012 1.61 1.78 1.53 NaN NaN 1.38 1.77 1.47 
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3/25/2012 1.24 1.47 1.26 NaN NaN 1.10 1.49 1.20 
3/26/2012 1.03 1.26 1.09 NaN NaN 0.95 1.32 1.05 
3/27/2012 0.99 1.20 1.08 NaN NaN 0.94 1.33 1.03 
3/28/2012 1.14 1.25 1.00 NaN NaN 1.03 1.36 1.06 
3/29/2012 1.18 1.29 NaN NaN NaN 1.14 1.49 1.19 
3/30/2012 1.24 1.32 NaN NaN NaN 1.26 1.69 1.38 
3/31/2012 NaN 1.32 NaN NaN NaN 1.30 1.76 1.48 
4/1/2012 NaN 1.28 NaN NaN NaN 1.24 1.68 1.37 
4/2/2012 NaN 1.49 NaN NaN NaN 1.47 1.87 1.51 
4/3/2012 NaN 1.81 1.79 NaN NaN 1.73 1.98 1.70 
4/4/2012 NaN 1.95 1.97 NaN NaN 1.61 1.84 1.50 
4/5/2012 NaN 1.82 1.70 NaN NaN 1.49 1.84 1.53 
4/6/2012 NaN 1.53 1.39 NaN NaN 1.12 1.47 1.14 
4/7/2012 NaN 1.44 1.41 NaN NaN 1.10 1.54 1.15 
4/8/2012 NaN 1.49 1.46 NaN NaN 1.23 1.65 1.27 
4/9/2012 NaN 1.42 1.37 NaN NaN 1.20 1.67 1.29 
4/10/2012 NaN 1.33 1.28 NaN NaN 1.14 1.61 1.24 
4/11/2012 NaN 1.28 1.22 NaN NaN 1.11 1.58 1.24 
4/12/2012 NaN 1.34 1.35 NaN NaN 1.05 1.42 1.06 
4/13/2012 NaN 1.48 1.48 NaN NaN 1.26 1.66 1.28 
4/14/2012 NaN 1.65 1.67 NaN NaN 1.48 1.80 1.42 
4/15/2012 NaN 1.93 1.98 NaN NaN 1.96 2.28 1.91 
4/16/2012 NaN 2.02 1.96 NaN NaN 1.86 2.10 1.74 
4/17/2012 NaN 1.98 1.91 NaN NaN 1.69 2.02 1.68 
4/18/2012 NaN 1.59 1.34 NaN NaN 1.01 1.37 0.97 
4/19/2012 NaN 1.39 1.29 NaN NaN 1.11 1.68 1.26 
4/20/2012 NaN 1.45 1.38 NaN NaN 1.29 1.86 1.47 
4/21/2012 NaN 1.57 1.50 NaN NaN 1.32 1.95 1.56 
4/22/2012 NaN 1.10 0.91 NaN NaN 0.70 1.21 0.85 
4/23/2012 NaN 0.73 0.57 NaN NaN 0.32 0.95 0.55 
4/24/2012 NaN 0.73 0.64 NaN NaN 0.45 1.17 0.71 
4/25/2012 NaN 0.84 0.75 NaN NaN 0.74 1.40 0.97 
4/26/2012 NaN 1.00 0.95 NaN NaN 1.02 1.69 1.27 
4/27/2012 NaN 1.13 1.09 NaN NaN 1.11 1.63 1.24 
4/28/2012 NaN 1.26 1.27 NaN NaN 1.18 1.66 1.22 
4/29/2012 NaN 1.34 1.37 NaN NaN 1.21 1.53 1.11 
4/30/2012 NaN 1.29 1.30 NaN NaN 1.12 1.47 1.03 
5/1/2012 NaN 1.28 1.35 NaN NaN 1.03 1.38 0.92 
5/2/2012 NaN 1.55 1.63 NaN NaN 1.44 1.80 1.35 
5/3/2012 NaN 1.55 1.55 NaN NaN 1.45 1.87 1.45 
5/4/2012 NaN 1.41 1.40 NaN NaN 1.30 1.66 1.36 
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5/5/2012 NaN 1.35 1.35 NaN NaN 1.24 1.60 1.36 
5/6/2012 NaN 1.37 1.38 NaN NaN 1.27 1.64 1.39 
5/7/2012 NaN 1.38 1.41 NaN NaN 1.29 1.67 1.42 
5/8/2012 NaN 1.45 1.47 NaN NaN 1.31 1.67 1.43 
5/9/2012 NaN 1.32 1.30 NaN NaN 1.16 1.54 1.31 
5/10/2012 NaN 1.24 1.27 NaN NaN 0.98 1.37 1.10 
5/11/2012 NaN 1.55 1.63 NaN NaN 1.34 1.74 1.46 
5/12/2012 NaN 1.75 1.76 NaN NaN 1.64 2.02 1.78 
5/13/2012 NaN 1.50 1.38 NaN NaN 1.26 1.61 1.37 
5/14/2012 NaN 1.19 1.11 NaN NaN 0.94 1.41 1.11 
5/15/2012 NaN 1.25 1.20 NaN NaN 1.04 1.53 1.23 
5/16/2012 NaN 1.29 1.23 NaN NaN 1.05 1.52 1.20 
5/17/2012 NaN 1.28 1.19 NaN NaN 1.01 1.48 1.17 
5/18/2012 NaN 1.25 1.19 NaN NaN 1.02 1.48 1.16 
5/19/2012 NaN 1.36 1.33 NaN NaN 1.13 1.51 1.20 
5/20/2012 NaN 1.40 1.35 NaN NaN 1.13 1.50 1.19 
5/21/2012 NaN 1.24 1.12 NaN NaN 1.04 1.47 1.15 
5/22/2012 NaN 1.04 0.90 NaN NaN 0.88 1.37 1.05 
5/23/2012 NaN 0.99 0.89 NaN NaN 0.89 1.46 1.11 
5/24/2012 NaN 1.16 1.13 NaN NaN 1.15 1.68 1.33 
5/25/2012 NaN 1.35 1.32 NaN NaN 1.29 1.68 1.34 
5/26/2012 NaN 1.26 1.21 NaN NaN 1.10 1.43 1.10 
5/27/2012 NaN 1.15 1.08 NaN NaN 1.00 1.44 1.07 
5/28/2012 NaN 0.95 0.84 NaN NaN 0.84 1.36 0.99 
5/29/2012 NaN 0.65 0.49 NaN NaN 0.59 1.24 0.85 
5/30/2012 NaN 0.59 0.47 NaN NaN 0.55 1.23 0.83 
5/31/2012 NaN 0.86 0.78 NaN NaN 0.84 1.45 1.08 
6/1/2012 NaN 0.98 0.89 NaN NaN 0.91 1.50 1.15 
6/2/2012 NaN 0.91 0.85 NaN NaN 0.75 1.25 0.86 
6/3/2012 NaN 0.98 0.89 NaN NaN 0.91 1.47 1.07 
6/4/2012 NaN 1.02 0.91 NaN NaN 0.96 1.54 1.15 
6/5/2012 NaN 1.08 0.99 NaN NaN 1.02 1.44 1.27 
6/6/2012 NaN 1.16 1.11 NaN NaN 1.11 NaN 1.37 
6/7/2012 NaN 1.17 1.21 NaN NaN 1.11 NaN 1.28 
6/8/2012 NaN 1.24 1.30 NaN NaN 1.12 NaN 1.23 
6/9/2012 NaN 1.44 1.49 NaN NaN 1.39 NaN 1.57 
6/10/2012 NaN 1.72 1.71 NaN NaN 1.85 NaN 2.04 
6/11/2012 NaN 1.63 1.53 NaN NaN 1.64 NaN 1.69 
6/12/2012 NaN 1.39 1.30 NaN NaN 1.20 NaN 1.21 
6/13/2012 NaN 1.12 1.04 NaN NaN 0.95 NaN 1.10 
6/14/2012 NaN 1.00 0.93 NaN NaN 0.87 NaN 1.04 
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6/15/2012 NaN 1.12 1.10 NaN NaN 0.91 NaN 1.01 
6/16/2012 NaN 1.41 1.50 NaN NaN 1.16 NaN 1.16 
6/17/2012 NaN 1.72 1.85 NaN NaN 1.58 NaN 1.65 
6/18/2012 NaN 1.92 2.04 NaN NaN 1.88 NaN 1.92 
6/19/2012 NaN 2.08 2.17 NaN NaN 1.95 NaN 1.94 
6/20/2012 NaN 2.09 2.13 NaN NaN 1.83 NaN 1.82 
6/21/2012 NaN 2.02 2.04 NaN NaN 1.70 NaN 1.72 
6/22/2012 NaN 1.96 2.00 NaN NaN 1.68 NaN 1.77 
6/23/2012 NaN 2.07 2.20 NaN NaN 1.85 NaN 1.93 
6/24/2012 NaN 2.08 2.11 NaN NaN 1.74 NaN 1.87 
6/25/2012 NaN 2.08 2.11 NaN NaN 1.89 NaN 2.23 
6/26/2012 NaN 2.17 2.17 NaN NaN 2.03 NaN 2.25 
6/27/2012 NaN 2.06 1.98 NaN NaN 1.87 NaN 2.05 
6/28/2012 NaN 1.96 1.92 NaN NaN 1.82 NaN 1.96 
6/29/2012 NaN 1.79 1.75 NaN NaN 1.66 NaN 1.74 
6/30/2012 NaN 1.66 1.61 NaN NaN 1.57 NaN 1.65 
7/1/2012 NaN 1.60 1.55 NaN NaN 1.56 NaN 1.68 
7/2/2012 NaN 1.48 1.42 NaN NaN 1.37 NaN 1.50 
7/3/2012 NaN 1.34 1.30 NaN NaN 1.23 NaN 1.41 
7/4/2012 NaN 1.33 1.29 NaN NaN 1.22 NaN 1.40 
7/5/2012 NaN 1.33 1.29 NaN NaN 1.23 NaN 1.42 
7/6/2012 NaN 1.33 1.28 NaN NaN 1.23 NaN 1.44 
7/7/2012 NaN 1.33 1.29 NaN NaN 1.22 NaN 1.40 
7/8/2012 NaN 1.33 1.27 NaN NaN 1.22 NaN 1.36 
7/9/2012 NaN 1.27 1.21 NaN NaN 1.17 NaN 1.32 
7/10/2012 NaN 1.25 1.16 NaN NaN 1.17 NaN 1.33 
7/11/2012 NaN 1.27 1.20 NaN NaN 1.17 NaN 1.29 
7/12/2012 NaN 1.32 1.26 NaN NaN 1.20 NaN 1.31 
7/13/2012 NaN 1.35 1.28 NaN NaN 1.18 NaN 1.32 
7/14/2012 NaN 1.31 1.26 NaN NaN 1.12 NaN 1.29 
7/15/2012 NaN 1.33 1.26 NaN NaN 1.18 NaN 1.34 
7/16/2012 NaN 1.40 1.35 NaN NaN 1.27 NaN 1.40 
7/17/2012 NaN 1.39 1.34 NaN NaN 1.29 NaN 1.44 
7/18/2012 NaN 1.33 1.27 NaN NaN 1.23 NaN 1.42 
7/19/2012 NaN 1.37 1.29 NaN NaN 1.26 NaN 1.41 
7/20/2012 NaN 1.40 1.29 NaN NaN 1.22 NaN 1.41 
7/21/2012 NaN 1.49 1.34 NaN NaN 1.21 NaN 1.36 
7/22/2012 NaN 1.53 1.44 NaN NaN 1.31 NaN 1.48 
7/23/2012 NaN 1.56 1.51 NaN NaN 1.32 NaN 1.42 
7/24/2012 NaN 1.46 1.37 NaN NaN 1.27 NaN 1.44 
7/25/2012 NaN 1.41 1.32 NaN NaN 1.26 NaN 1.51 
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7/26/2012 NaN NaN 1.32 NaN NaN 1.28 NaN 1.54 
7/27/2012 NaN NaN 1.45 NaN NaN 1.38 NaN 1.65 
7/28/2012 NaN NaN 1.35 NaN NaN 1.28 NaN 1.50 
7/29/2012 NaN NaN 1.23 NaN NaN 1.18 NaN 1.39 
7/30/2012 NaN NaN 1.23 NaN NaN 1.18 NaN 1.45 
7/31/2012 NaN NaN 1.17 NaN NaN 1.11 NaN 1.39 
8/1/2012 NaN NaN 1.10 NaN NaN 1.07 NaN 1.40 
8/2/2012 NaN NaN 1.08 NaN NaN 1.01 NaN 1.33 
8/3/2012 NaN NaN 1.17 NaN NaN 1.11 NaN 1.39 
8/4/2012 NaN NaN 1.26 NaN NaN 1.14 NaN 1.37 
8/5/2012 NaN NaN 1.25 NaN NaN 1.09 NaN 1.26 
8/6/2012 NaN NaN 1.16 NaN NaN 1.02 NaN 1.21 
8/7/2012 NaN NaN 1.24 NaN NaN 1.10 NaN 1.33 
8/8/2012 NaN NaN 1.35 NaN NaN 1.24 NaN 1.49 
8/9/2012 NaN NaN 1.32 NaN NaN 1.26 NaN 1.50 
8/10/2012 NaN NaN 1.28 NaN NaN 1.26 NaN 1.55 
8/11/2012 NaN NaN 1.27 NaN NaN 1.18 NaN 1.46 
8/12/2012 NaN NaN 1.24 NaN NaN 1.13 NaN 1.35 
8/13/2012 NaN NaN 1.26 NaN NaN 1.21 NaN 1.47 
8/14/2012 NaN NaN 1.16 NaN NaN 1.19 NaN 1.49 
8/15/2012 NaN NaN 1.19 NaN NaN 1.15 NaN 1.41 
8/16/2012 NaN NaN 1.26 NaN NaN 1.17 NaN 1.42 
8/17/2012 NaN NaN 1.29 NaN NaN 1.19 NaN 1.43 
8/18/2012 NaN NaN 1.38 NaN NaN 1.29 NaN 1.55 
8/19/2012 NaN NaN 1.37 NaN NaN 1.28 NaN 1.49 
8/20/2012 NaN NaN 1.44 NaN NaN 1.29 NaN 1.48 
8/21/2012 NaN NaN 1.37 NaN NaN 1.23 NaN 1.37 
8/22/2012 NaN NaN 1.30 NaN NaN 1.13 NaN 1.29 
8/23/2012 NaN NaN 1.37 NaN NaN 1.23 NaN 1.39 
8/24/2012 NaN NaN 1.49 NaN NaN 1.36 NaN 1.50 
8/25/2012 NaN NaN 1.63 NaN NaN 1.44 NaN 1.59 
8/26/2012 NaN NaN 1.74 NaN NaN 1.50 NaN 1.61 
8/27/2012 NaN NaN 1.59 NaN NaN 1.25 NaN 1.43 
8/28/2012 NaN NaN 1.46 NaN NaN 0.35 NaN 0.73 
8/29/2012 NaN NaN 4.61 NaN NaN 4.09 NaN NaN 
8/30/2012 NaN NaN 4.11 NaN NaN 4.75 NaN NaN 
8/31/2012 NaN NaN 3.08 NaN NaN 3.07 NaN NaN 
9/1/2012 NaN NaN 2.41 NaN NaN 2.18 NaN NaN 
9/2/2012 NaN NaN 1.91 NaN NaN 1.69 NaN NaN 
9/3/2012 NaN NaN 1.63 NaN NaN 1.49 NaN NaN 
9/4/2012 NaN NaN 1.36 NaN NaN 1.29 NaN NaN 
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9/5/2012 NaN NaN 1.23 NaN NaN 1.19 NaN NaN 
9/6/2012 NaN NaN 1.15 NaN NaN 0.92 NaN NaN 
9/7/2012 NaN NaN 1.46 NaN NaN 1.14 NaN NaN 
9/8/2012 NaN NaN 1.57 NaN NaN 1.33 NaN NaN 
9/9/2012 NaN NaN 1.41 NaN NaN 0.98 NaN NaN 
9/10/2012 NaN NaN 1.43 NaN NaN 1.08 NaN NaN 
9/11/2012 NaN NaN 1.57 NaN NaN 1.27 NaN NaN 
9/12/2012 NaN NaN 1.60 NaN NaN 1.35 NaN NaN 
9/13/2012 NaN NaN 1.91 NaN NaN 1.59 1.66 NaN 
9/14/2012 NaN NaN 1.96 NaN NaN 1.60 1.75 NaN 
9/15/2012 NaN NaN 1.83 NaN NaN 1.51 1.65 NaN 
9/16/2012 NaN NaN 1.79 NaN NaN 1.53 1.72 NaN 
9/17/2012 NaN NaN 1.97 NaN NaN 1.89 2.10 NaN 
9/18/2012 NaN 1.36 1.80 NaN NaN 1.65 1.84 NaN 
9/19/2012 NaN 1.19 1.60 NaN NaN 1.22 1.34 NaN 
9/20/2012 NaN 1.10 1.54 NaN NaN 1.20 1.30 NaN 
9/21/2012 NaN 1.12 1.57 NaN NaN 1.28 1.42 NaN 
9/22/2012 NaN 1.08 1.50 NaN NaN 1.29 1.35 NaN 
9/23/2012 NaN 0.94 1.34 NaN NaN 1.15 1.25 NaN 
9/24/2012 NaN 0.85 1.27 NaN NaN 1.07 1.17 NaN 
9/25/2012 NaN 0.90 1.36 NaN NaN 1.12 1.24 NaN 
9/26/2012 NaN 1.00 1.46 NaN NaN 1.22 1.33 NaN 
9/27/2012 NaN 1.03 1.49 NaN NaN 1.26 1.37 NaN 
9/28/2012 NaN 1.06 1.51 NaN NaN 1.32 1.47 NaN 
9/29/2012 NaN 1.05 1.48 NaN NaN 1.28 1.37 NaN 
9/30/2012 NaN 1.29 1.70 NaN NaN 1.71 1.86 NaN 
10/1/2012 NaN 1.20 1.46 NaN NaN 1.58 1.83 NaN 
10/2/2012 NaN 0.70 1.04 NaN NaN 0.88 1.01 NaN 
10/3/2012 NaN 0.85 1.30 NaN NaN 1.07 1.16 NaN 
10/4/2012 NaN 0.85 1.29 NaN NaN 1.07 1.08 NaN 
10/5/2012 NaN 0.75 1.21 NaN NaN 0.99 1.08 NaN 
10/6/2012 NaN 0.78 1.23 NaN NaN 1.05 1.19 NaN 
10/7/2012 NaN 0.66 1.16 NaN NaN 0.79 0.95 NaN 
10/8/2012 NaN 0.43 0.97 NaN NaN 0.55 0.89 NaN 
10/9/2012 NaN 0.50 1.01 NaN NaN 0.71 0.97 NaN 
10/10/2012 NaN 0.64 1.14 NaN NaN 0.91 1.09 NaN 
10/11/2012 NaN 0.63 1.12 NaN NaN 0.86 0.98 NaN 
10/12/2012 NaN 0.74 1.26 NaN NaN 0.97 1.10 NaN 
10/13/2012 NaN 0.83 1.32 NaN NaN 1.09 1.22 NaN 
10/14/2012 NaN 0.96 1.42 NaN NaN 1.24 1.35 NaN 
10/15/2012 NaN 0.84 1.28 NaN NaN 1.12 1.27 NaN 
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10/16/2012 NaN 0.80 1.32 NaN NaN 0.98 1.14 NaN 
10/17/2012 NaN 1.12 1.62 NaN NaN 1.48 1.67 NaN 
10/18/2012 NaN 1.22 1.69 NaN NaN 1.53 1.70 NaN 
10/19/2012 NaN 1.02 1.45 NaN NaN 1.23 1.39 NaN 
10/20/2012 NaN 0.90 1.34 NaN NaN 1.16 1.39 NaN 
10/21/2012 NaN 0.98 1.46 NaN NaN 1.22 1.38 NaN 
10/22/2012 NaN 0.99 1.46 NaN NaN 1.20 1.33 NaN 
10/23/2012 NaN 1.10 1.60 NaN NaN 1.33 1.46 NaN 
10/24/2012 NaN 1.21 1.73 NaN NaN 1.45 1.54 NaN 
10/25/2012 NaN 1.26 1.80 NaN NaN 1.52 1.64 NaN 
10/26/2012 NaN 1.08 1.63 NaN NaN 1.37 1.53 NaN 
10/27/2012 NaN 0.65 1.14 NaN NaN 0.71 0.98 NaN 
10/28/2012 NaN -0.02 0.45 NaN NaN 0.08 0.49 NaN 
10/29/2012 NaN -0.23 0.17 NaN NaN -0.24 0.24 NaN 
10/30/2012 NaN -0.18 0.38 NaN NaN 0.10 0.67 NaN 
10/31/2012 NaN 0.04 0.54 NaN NaN 0.42 0.79 NaN 
 
 
D.5.3. Tide stations 17-24 Data 
 BA04-55 BA04-56 BS08-09 BS08-13 
CRMS0117 
-W01 
CRMS0118 
-H01 
CRMS0125 
-H01 
 -89.76 -89.76 -89.86 -89.70 -89.92 -89.54 -89.98 
  29.50 29.48 29.69 29.66 29.81 29.38 29.77 
11/1/2011 1.02 0.73 0.84 1.51 0.91 1.81 1.11 
11/2/2011 1.31 1.05 1.00 1.53 0.90 1.80 1.28 
11/3/2011 1.31 0.97 0.88 1.20 1.13 1.77 1.21 
11/4/2011 0.87 0.58 0.29 0.92 1.12 1.44 0.86 
11/5/2011 1.01 0.74 0.60 1.38 1.07 1.55 0.70 
11/6/2011 1.29 1.01 1.14 1.93 1.04 1.97 1.12 
11/7/2011 1.43 1.19 1.27 1.84 1.33 1.90 1.52 
11/8/2011 1.76 1.50 1.31 1.88 1.55 1.96 1.68 
11/9/2011 1.78 1.43 1.19 1.64 1.60 2.13 1.64 
11/10/2011 0.60 0.14 0.80 1.22 1.40 2.24 1.18 
11/11/2011 1.03 0.78 0.59 1.19 1.28 1.73 1.01 
11/12/2011 1.19 0.88 0.55 1.07 1.23 1.73 0.98 
11/13/2011 1.42 1.14 0.71 1.40 1.20 1.92 1.03 
11/14/2011 1.71 1.41 0.93 1.69 1.20 2.04 1.14 
11/15/2011 1.89 1.61 1.06 1.79 1.30 1.92 1.36 
11/16/2011 2.18 1.85 1.05 1.65 1.46 1.84 1.44 
11/17/2011 1.12 0.66 0.73 1.26 1.36 1.91 1.06 
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11/18/2011 1.22 1.01 1.11 1.93 1.25 2.04 1.13 
11/19/2011 1.55 1.29 1.17 1.88 1.31 1.88 1.45 
11/20/2011 1.72 1.45 1.17 1.85 1.42 1.86 1.51 
11/21/2011 1.63 1.38 1.05 1.69 1.41 1.81 1.49 
11/22/2011 1.94 1.69 1.08 1.72 1.47 1.80 1.52 
11/23/2011 1.49 1.07 0.98 1.48 1.46 2.03 1.34 
11/24/2011 1.20 0.93 1.20 1.89 1.38 2.06 1.40 
11/25/2011 1.45 1.17 1.23 1.76 1.49 2.24 1.59 
11/26/2011 2.06 1.85 1.43 2.17 1.71 2.24 1.76 
11/27/2011 1.92 1.50 1.27 1.44 1.84 2.01 1.73 
11/28/2011 1.40 1.05 0.20 0.69 1.51 1.77 1.29 
11/29/2011 1.22 0.91 -0.15 0.57 1.34 1.47 0.84 
11/30/2011 0.94 0.65 0.07 0.96 1.27 1.65 0.66 
12/1/2011 0.99 0.70 0.44 1.22 1.24 1.52 0.64 
12/2/2011 1.01 0.73 0.55 1.31 1.22 1.52 0.75 
12/3/2011 1.45 1.20 0.84 1.59 1.20 1.73 1.08 
12/4/2011 1.83 1.59 1.19 1.96 1.32 1.86 1.43 
12/5/2011 2.12 1.83 1.28 1.95 1.63 1.82 1.67 
12/6/2011 1.68 1.30 1.00 1.49 1.56 1.90 1.46 
12/7/2011 1.03 0.62 0.36 0.72 1.38 1.75 0.97 
12/8/2011 0.78 0.57 0.22 0.91 1.28 1.61 0.72 
12/9/2011 0.99 0.66 0.33 0.87 1.25 1.68 0.68 
12/10/2011 0.52 0.16 0.42 1.05 1.22 1.90 0.63 
12/11/2011 0.57 0.27 0.72 1.29 1.20 2.08 0.73 
12/12/2011 0.81 0.54 0.73 1.37 1.19 1.85 0.93 
12/13/2011 0.92 0.63 0.91 1.46 1.18 1.87 1.08 
12/14/2011 1.33 1.05 0.92 1.41 1.18 1.75 1.26 
12/15/2011 1.58 1.28 0.86 1.43 1.24 1.72 1.25 
12/16/2011 1.66 1.35 0.86 1.46 1.25 1.60 1.22 
12/17/2011 1.09 0.76 0.67 1.32 1.23 1.75 0.96 
12/18/2011 1.06 0.80 0.80 1.47 1.19 1.74 0.97 
12/19/2011 1.42 1.18 0.69 1.30 1.18 1.86 1.11 
12/20/2011 1.80 1.52 0.90 1.68 1.17 1.98 1.20 
12/21/2011 2.04 1.72 1.05 1.75 1.26 2.06 1.31 
12/22/2011 2.03 1.70 1.05 1.64 1.47 2.19 1.44 
12/23/2011 1.51 1.04 1.11 1.64 1.41 2.25 1.34 
12/24/2011 1.18 0.84 1.23 1.77 1.40 2.14 1.45 
12/25/2011 1.22 0.90 1.22 1.64 1.47 2.25 1.55 
12/26/2011 1.48 1.18 1.26 1.78 1.52 2.07 1.61 
12/27/2011 1.62 1.17 0.32 0.62 1.41 1.66 1.28 
12/28/2011 1.10 0.78 0.25 0.98 1.30 1.50 0.87 
246 
 
12/29/2011 1.33 1.01 0.49 1.17 1.25 1.50 0.81 
12/30/2011 1.63 1.31 0.51 1.21 1.23 1.41 0.89 
12/31/2011 1.47 1.15 0.34 1.01 1.22 1.39 0.76 
1/1/2012 1.37 1.00 0.24 0.80 1.20 1.55 0.72 
1/2/2012 0.40 0.03 -0.14 0.43 1.17 1.57 0.58 
1/3/2012 0.38 0.02 -0.35 0.47 1.14 NaN 0.56 
1/4/2012 0.90 0.62 -0.25 0.66 1.12 1.36 NaN 
1/5/2012 0.99 0.65 -0.21 0.68 1.11 1.38 NaN 
1/6/2012 1.26 0.95 -0.13 0.79 1.10 1.54 NaN 
1/7/2012 1.26 0.90 0.06 0.91 1.12 1.66 NaN 
1/8/2012 1.40 1.05 0.30 1.01 1.12 1.61 0.63 
1/9/2012 1.28 0.94 0.39 1.02 1.14 1.65 0.73 
1/10/2012 1.58 1.27 0.78 1.56 1.14 1.82 1.07 
1/11/2012 1.93 1.54 0.13 0.58 1.16 1.38 0.93 
1/12/2012 1.15 0.73 -0.01 0.86 1.12 1.50 0.65 
1/13/2012 0.55 0.22 -0.30 0.41 1.07 1.43 0.56 
1/14/2012 0.70 0.39 -0.40 0.36 1.04 NaN NaN 
1/15/2012 0.72 0.42 -0.32 0.58 1.02 NaN NaN 
1/16/2012 1.04 0.75 -0.04 0.79 1.01 1.33 NaN 
1/17/2012 1.40 1.12 0.21 1.00 1.01 1.53 0.59 
1/18/2012 1.09 0.70 0.37 1.07 1.14 1.77 0.58 
1/19/2012 1.20 0.95 0.46 1.07 1.10 1.86 0.72 
1/20/2012 1.51 1.20 0.45 0.99 1.09 1.74 0.89 
1/21/2012 1.52 1.16 0.41 0.93 1.07 1.63 0.85 
1/22/2012 1.51 1.21 0.46 1.10 1.05 1.65 0.88 
1/23/2012 1.59 1.26 0.54 1.07 1.06 1.64 0.91 
1/24/2012 1.14 0.82 0.92 1.58 1.05 1.63 0.97 
1/25/2012 1.48 1.22 1.07 1.55 1.26 1.57 1.46 
1/26/2012 1.90 1.59 0.95 1.22 1.49 1.59 1.51 
1/27/2012 1.07 0.73 0.20 0.76 1.31 1.37 1.02 
1/28/2012 0.90 0.59 0.16 0.66 1.23 1.41 0.71 
1/29/2012 0.32 0.03 0.32 0.99 1.21 1.61 0.59 
1/30/2012 0.79 0.56 0.26 0.87 1.19 1.55 0.65 
1/31/2012 0.99 0.73 0.42 0.95 1.17 1.49 0.76 
2/1/2012 1.28 1.00 0.61 1.17 1.26 1.64 0.91 
2/2/2012 1.15 0.86 0.76 1.20 1.44 1.80 1.08 
2/3/2012 1.27 1.02 1.06 1.52 1.63 1.81 1.33 
2/4/2012 1.38 1.08 1.08 1.47 1.79 1.74 1.49 
2/5/2012 1.16 0.80 0.91 1.35 1.79 1.99 1.23 
2/6/2012 0.86 0.57 0.92 1.33 1.67 1.84 1.16 
2/7/2012 1.15 0.86 0.85 1.34 1.60 1.72 1.13 
247 
 
2/8/2012 1.03 0.67 0.71 1.13 1.56 1.64 1.00 
2/9/2012 0.95 0.67 0.91 1.50 1.34 1.84 1.00 
2/10/2012 1.26 0.94 0.64 1.08 1.29 1.61 1.01 
2/11/2012 0.48 0.10 0.12 0.43 1.27 1.55 0.70 
2/12/2012 0.05 -0.22 0.08 0.72 1.24 1.72 0.58 
2/13/2012 0.91 0.72 0.16 0.83 1.23 1.56 0.56 
2/14/2012 1.58 1.27 0.40 1.00 1.26 1.66 0.68 
2/15/2012 1.29 0.97 0.57 1.28 1.26 1.88 0.75 
2/16/2012 1.35 1.04 0.68 1.19 1.28 1.77 0.93 
2/17/2012 1.07 0.78 0.70 1.25 1.25 1.90 0.93 
2/18/2012 1.51 1.23 0.89 1.43 1.28 1.98 1.19 
2/19/2012 1.48 1.05 0.78 1.04 1.29 1.96 1.14 
2/20/2012 0.77 0.51 0.59 1.11 1.25 1.53 0.93 
2/21/2012 1.14 0.83 0.51 0.96 1.24 1.49 0.92 
2/22/2012 1.45 1.16 0.39 0.97 1.23 1.56 0.81 
2/23/2012 1.79 1.46 0.04 0.83 1.22 NaN 0.65 
2/24/2012 1.29 0.83 0.17 0.86 1.20 1.89 0.58 
2/25/2012 0.41 0.14 0.62 1.34 1.15 2.21 0.63 
2/26/2012 1.00 0.70 0.82 1.55 1.15 1.82 0.86 
2/27/2012 0.90 0.63 1.32 1.85 1.22 2.03 1.32 
2/28/2012 1.20 0.93 1.04 1.28 1.35 1.46 1.53 
2/29/2012 1.36 1.08 0.66 1.09 1.26 1.49 1.26 
3/1/2012 1.40 1.11 0.33 0.77 1.22 1.35 0.94 
3/2/2012 1.72 1.46 0.24 0.93 1.20 NaN 0.82 
3/3/2012 1.27 0.85 0.32 1.00 1.18 2.59 0.62 
3/4/2012 0.82 0.56 0.19 0.57 1.13 2.03 0.57 
3/5/2012 0.87 0.53 -0.33 0.33 1.08 NaN NaN 
3/6/2012 0.60 0.29 0.02 0.79 1.04 1.54 NaN 
3/7/2012 1.15 0.88 0.85 1.48 1.01 1.64 0.89 
3/8/2012 1.68 1.40 1.16 1.67 1.09 1.66 1.39 
3/9/2012 1.13 0.72 1.22 1.65 1.36 2.03 1.46 
3/10/2012 1.10 0.85 1.63 2.21 1.44 2.42 1.69 
3/11/2012 1.57 1.27 1.48 1.78 1.73 1.79 1.95 
3/12/2012 1.67 1.38 1.48 1.90 1.77 2.18 1.90 
3/13/2012 1.70 1.38 1.33 1.52 1.80 1.78 1.88 
3/14/2012 1.49 1.16 1.03 1.33 1.54 1.86 1.62 
3/15/2012 1.38 1.06 0.91 1.22 1.39 1.74 1.44 
3/16/2012 1.35 1.04 0.72 1.09 1.28 1.65 1.27 
3/17/2012 1.48 1.19 0.69 1.17 1.24 1.65 1.18 
3/18/2012 1.53 1.21 0.79 1.26 1.22 1.53 1.23 
3/19/2012 1.62 1.32 0.97 1.51 1.20 1.58 1.39 
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3/20/2012 2.03 1.75 1.65 2.32 1.77 1.92 1.80 
3/21/2012 2.53 2.14 2.42 2.91 2.70 2.25 2.53 
3/22/2012 1.70 1.30 1.87 1.96 2.66 1.97 2.66 
3/23/2012 1.87 1.53 1.38 1.68 2.34 1.74 2.36 
3/24/2012 1.78 1.43 0.86 1.31 1.79 1.63 1.82 
3/25/2012 1.50 1.18 0.75 1.33 1.38 1.74 1.32 
3/26/2012 1.35 1.02 0.58 1.16 1.27 1.64 1.03 
3/27/2012 1.39 1.08 0.48 1.09 1.24 1.57 0.94 
3/28/2012 1.41 1.13 0.57 1.18 1.19 1.65 0.98 
3/29/2012 1.54 1.26 0.75 1.47 1.14 1.86 1.04 
3/30/2012 1.79 1.52 0.86 1.49 1.22 1.79 1.18 
3/31/2012 1.79 1.42 0.69 1.20 1.70 1.66 1.18 
4/1/2012 1.73 1.42 0.59 1.18 1.88 1.57 1.07 
4/2/2012 1.93 1.65 0.74 1.32 1.99 1.72 1.18 
4/3/2012 1.94 1.57 1.27 1.69 2.30 1.67 1.75 
4/4/2012 1.68 1.31 1.38 1.88 2.40 2.14 1.82 
4/5/2012 1.84 1.50 1.01 1.38 2.32 1.61 1.76 
4/6/2012 1.58 1.04 0.92 1.49 2.20 2.01 1.41 
4/7/2012 NaN 1.17 1.24 1.99 2.14 2.15 1.42 
4/8/2012 NaN 1.25 1.22 1.68 2.20 1.93 1.62 
4/9/2012 NaN 1.27 0.98 1.41 2.21 1.89 1.51 
4/10/2012 NaN 1.26 0.93 1.46 2.19 2.04 1.39 
4/11/2012 NaN 1.17 0.84 1.35 2.19 1.96 1.32 
4/12/2012 NaN 1.04 1.26 1.94 2.19 2.23 1.43 
4/13/2012 NaN 1.39 1.28 1.70 2.07 1.82 1.70 
4/14/2012 NaN 1.48 1.32 1.87 1.67 2.06 1.78 
4/15/2012 NaN 1.96 1.50 2.05 1.74 1.78 1.95 
4/16/2012 NaN 1.67 1.49 2.04 1.84 1.82 1.96 
4/17/2012 NaN 1.41 1.49 1.96 1.78 1.98 1.90 
4/18/2012 NaN 0.94 1.07 1.68 1.52 2.02 1.61 
4/19/2012 NaN 1.30 1.20 1.77 1.33 2.06 1.47 
4/20/2012 NaN 1.49 1.02 1.53 1.29 1.73 1.40 
4/21/2012 NaN 1.42 1.11 1.73 1.30 2.08 1.27 
4/22/2012 NaN 0.61 0.83 1.30 1.27 2.35 1.05 
4/23/2012 NaN 0.42 0.42 0.81 1.21 1.87 0.81 
4/24/2012 NaN 0.85 0.29 0.86 1.16 1.59 0.66 
4/25/2012 NaN 1.11 0.10 0.68 1.11 NaN 0.63 
4/26/2012 NaN 1.39 -0.05 0.57 1.04 NaN 0.58 
4/27/2012 NaN 1.17 0.02 0.71 0.97 1.33 0.55 
4/28/2012 NaN 1.29 0.25 1.00 0.90 1.44 NaN 
4/29/2012 NaN 1.05 0.59 1.22 0.83 1.58 0.74 
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4/30/2012 NaN 1.02 0.65 1.20 0.76 1.46 0.96 
5/1/2012 NaN 0.91 0.80 1.54 0.70 1.86 1.04 
5/2/2012 NaN 1.42 1.45 2.07 0.71 1.80 1.50 
5/3/2012 NaN 1.37 1.43 2.00 1.51 1.96 1.74 
5/4/2012 NaN 1.30 1.29 1.77 1.50 1.98 1.70 
5/5/2012 NaN 1.39 1.20 1.70 1.41 1.94 1.60 
5/6/2012 NaN 1.45 1.13 1.67 1.33 2.04 1.51 
5/7/2012 NaN 1.48 1.14 1.74 1.32 2.12 1.49 
5/8/2012 NaN 1.45 1.21 1.76 1.35 2.20 1.53 
5/9/2012 NaN 1.26 1.06 1.46 1.34 2.03 1.44 
5/10/2012 NaN 1.18 1.16 1.80 1.24 2.06 1.39 
5/11/2012 NaN 1.67 1.34 2.08 1.28 2.22 1.56 
5/12/2012 NaN 1.78 1.38 1.70 1.58 1.58 1.79 
5/13/2012 NaN 1.29 0.81 1.26 1.45 1.56 1.48 
5/14/2012 NaN 1.22 0.80 1.46 1.29 1.68 1.14 
5/15/2012 NaN 1.31 0.89 1.44 1.24 1.58 1.14 
5/16/2012 NaN 1.29 0.95 1.55 1.20 1.77 1.15 
5/17/2012 NaN 1.21 0.95 1.53 1.15 1.96 1.19 
5/18/2012 NaN 1.24 0.89 1.46 1.08 1.82 1.17 
5/19/2012 NaN 1.27 1.04 1.61 0.99 1.87 1.23 
5/20/2012 NaN 1.25 1.08 1.58 0.90 2.02 1.29 
5/21/2012 NaN 1.21 0.75 1.14 0.81 1.68 1.21 
5/22/2012 NaN 1.11 0.47 0.98 0.73 1.83 0.93 
5/23/2012 NaN 1.25 0.43 1.03 0.70 1.64 0.81 
5/24/2012 NaN 1.48 0.53 1.22 NaN 1.63 0.82 
5/25/2012 NaN 1.35 0.65 1.26 NaN 1.69 0.88 
5/26/2012 NaN 1.10 0.73 1.27 NaN 1.79 0.96 
5/27/2012 NaN 1.17 0.67 1.27 NaN 1.74 0.94 
5/28/2012 NaN 1.07 0.61 1.16 NaN 1.52 0.90 
5/29/2012 NaN 1.01 0.14 0.61 NaN NaN 0.74 
5/30/2012 NaN 1.01 -0.14 0.53 NaN NaN 0.59 
5/31/2012 NaN 1.16 0.08 0.77 NaN 1.35 0.56 
6/1/2012 NaN 1.05 0.12 0.72 0.73 1.55 0.70 
6/2/2012 NaN 0.93 0.47 1.31 NaN 2.02 0.60 
6/3/2012 NaN 1.19 0.49 1.02 NaN 1.71 0.73 
6/4/2012 NaN 1.26 0.33 0.91 NaN 1.65 0.72 
6/5/2012 NaN 1.47 0.29 1.07 NaN 1.82 0.66 
6/6/2012 NaN 1.39 0.33 1.00 NaN 1.83 0.64 
6/7/2012 NaN 1.27 0.58 1.34 NaN 1.94 0.69 
6/8/2012 NaN 1.26 0.98 1.82 NaN 2.02 0.99 
6/9/2012 NaN 1.75 1.41 2.03 1.19 1.86 1.46 
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6/10/2012 NaN 2.11 1.24 1.62 1.62 1.56 1.77 
6/11/2012 NaN 1.66 0.76 1.26 1.45 1.29 1.51 
6/12/2012 NaN 1.17 0.62 1.22 1.17 1.70 1.12 
6/13/2012 NaN 1.14 0.46 1.05 1.05 1.56 0.89 
6/14/2012 NaN 1.02 0.34 1.01 1.15 1.57 0.84 
6/15/2012 NaN 1.10 0.78 1.81 1.23 1.99 0.88 
6/16/2012 NaN 1.31 1.58 2.66 1.10 2.70 1.32 
6/17/2012 NaN 1.83 1.87 2.54 1.68 2.27 1.97 
6/18/2012 NaN 2.03 1.78 2.43 2.02 2.14 2.25 
6/19/2012 NaN 1.91 1.81 2.43 2.09 2.20 2.32 
6/20/2012 NaN 1.81 1.86 2.49 2.08 2.41 2.33 
6/21/2012 NaN 1.73 1.89 2.55 2.05 2.67 2.31 
6/22/2012 NaN 1.89 1.99 2.78 2.02 2.85 2.29 
6/23/2012 NaN 2.06 2.24 3.04 2.22 3.01 2.52 
6/24/2012 NaN 1.93 2.51 3.41 2.42 3.68 2.74 
6/25/2012 NaN 2.40 2.42 3.18 2.54 3.44 2.81 
6/26/2012 NaN 2.33 1.98 2.59 2.30 2.60 2.55 
6/27/2012 NaN 2.09 1.61 2.33 2.01 2.23 2.23 
6/28/2012 NaN 1.90 1.34 1.85 1.78 1.95 1.98 
6/29/2012 NaN 1.71 1.04 1.61 1.52 1.87 1.72 
6/30/2012 NaN 1.66 0.84 1.48 1.31 1.87 1.49 
7/1/2012 NaN 1.68 0.78 1.47 1.20 1.95 1.31 
7/2/2012 NaN 1.45 0.58 1.28 1.14 1.93 1.18 
7/3/2012 NaN 1.45 0.67 1.54 1.10 2.03 1.06 
7/4/2012 NaN 1.44 0.69 1.49 1.10 1.98 1.10 
7/5/2012 NaN 1.50 0.70 1.49 1.11 1.92 1.08 
7/6/2012 NaN 1.46 0.66 1.47 1.08 1.81 1.06 
7/7/2012 NaN 1.48 0.73 1.52 1.06 1.65 1.04 
7/8/2012 NaN 1.41 0.67 1.41 1.07 1.43 1.07 
7/9/2012 NaN 1.43 0.56 1.33 1.06 1.41 1.03 
7/10/2012 NaN 1.34 0.48 1.17 1.15 1.43 1.07 
7/11/2012 NaN 1.30 0.59 1.34 1.16 1.59 1.06 
7/12/2012 NaN 1.37 0.63 1.44 1.10 1.66 1.01 
7/13/2012 NaN 1.35 0.76 1.52 1.05 1.81 1.00 
7/14/2012 NaN 1.32 0.87 1.71 1.01 1.92 1.06 
7/15/2012 NaN 1.37 0.99 1.76 0.96 2.03 1.21 
7/16/2012 NaN 1.45 1.04 1.76 0.89 1.97 1.31 
7/17/2012 NaN 1.48 0.93 1.58 0.81 1.91 1.31 
7/18/2012 NaN 1.44 0.83 1.54 0.78 1.88 1.29 
7/19/2012 NaN 1.39 0.81 1.46 1.00 1.77 1.46 
7/20/2012 NaN 1.41 0.58 1.24 1.14 1.72 1.38 
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7/21/2012 NaN 1.39 0.63 1.39 1.23 1.58 1.26 
7/22/2012 NaN 1.53 0.90 1.82 1.19 1.81 1.17 
7/23/2012 NaN 1.50 1.13 1.95 1.14 1.86 1.29 
7/24/2012 NaN 1.51 1.00 1.68 1.17 1.64 1.40 
7/25/2012 NaN 1.58 0.73 1.48 1.21 1.59 1.27 
7/26/2012 NaN 1.57 0.66 1.38 1.18 1.68 1.13 
7/27/2012 NaN 1.63 0.66 1.36 1.14 1.82 1.06 
7/28/2012 NaN 1.43 0.56 1.27 1.09 1.82 1.00 
7/29/2012 NaN 1.42 0.53 1.23 1.03 1.87 0.94 
7/30/2012 NaN 1.53 0.42 1.16 0.95 1.78 0.89 
7/31/2012 NaN 1.44 0.36 1.11 0.88 1.64 0.83 
8/1/2012 NaN 1.44 0.31 1.07 0.80 1.74 0.78 
8/2/2012 NaN 1.43 0.33 1.18 0.72 1.69 0.74 
8/3/2012 NaN 1.48 0.54 1.36 0.68 1.62 0.70 
8/4/2012 NaN 1.42 0.75 1.61 0.64 1.67 0.69 
8/5/2012 NaN 1.34 0.92 1.67 1.16 1.59 0.98 
8/6/2012 NaN 1.31 0.77 1.52 1.11 1.53 1.15 
8/7/2012 NaN 1.43 0.82 1.62 1.13 1.60 1.15 
8/8/2012 NaN 1.54 0.90 1.62 1.13 1.67 1.21 
8/9/2012 NaN 1.53 0.76 1.34 1.19 1.66 1.23 
8/10/2012 NaN 1.62 0.60 1.19 1.23 1.70 1.18 
8/11/2012 NaN 1.47 0.47 1.19 1.25 1.63 1.18 
8/12/2012 NaN 1.38 0.66 1.45 1.21 1.83 1.12 
8/13/2012 NaN 1.54 0.67 1.34 1.17 1.75 1.04 
8/14/2012 NaN 1.56 0.43 1.05 1.14 1.52 0.98 
8/15/2012 NaN 1.45 0.40 1.18 1.09 1.73 0.92 
8/16/2012 NaN 1.46 0.56 1.32 1.11 1.70 0.91 
8/17/2012 NaN 1.49 0.74 1.54 1.21 1.72 0.99 
8/18/2012 NaN 1.64 0.81 1.50 1.26 1.71 1.13 
8/19/2012 NaN 1.53 0.64 1.31 1.28 1.48 1.28 
8/20/2012 NaN 1.54 0.72 1.51 1.24 1.51 1.21 
8/21/2012 NaN 1.37 0.93 1.74 1.21 1.74 1.12 
8/22/2012 NaN 1.34 1.05 1.84 1.19 1.84 1.20 
8/23/2012 NaN 1.42 1.06 1.73 1.16 1.88 1.28 
8/24/2012 NaN 1.52 1.04 1.73 1.15 1.84 1.35 
8/25/2012 NaN 1.60 1.24 2.05 1.13 2.00 1.42 
8/26/2012 NaN 1.61 1.48 2.21 1.31 2.14 1.54 
8/27/2012 NaN 1.24 1.48 2.22 1.43 2.73 1.61 
8/28/2012 NaN 0.21 3.78 4.72 1.74 6.89 1.72 
8/29/2012 NaN 5.29 NaN NaN 9.99 4.07 10.89 
8/30/2012 NaN 3.06 NaN NaN 5.14 2.31 6.71 
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8/31/2012 NaN 2.33 NaN NaN 3.96 2.05 4.32 
9/1/2012 NaN 1.87 NaN NaN 2.65 1.69 3.13 
9/2/2012 NaN 1.73 NaN NaN 1.98 1.52 2.50 
9/3/2012 NaN 1.74 NaN NaN 1.52 1.41 2.06 
9/4/2012 NaN 1.68 NaN NaN 1.34 1.38 1.70 
9/5/2012 NaN 1.57 NaN NaN 1.31 1.42 1.43 
9/6/2012 NaN 1.16 NaN NaN 1.30 1.98 1.30 
9/7/2012 NaN 1.48 NaN NaN 1.42 2.17 1.44 
9/8/2012 NaN 1.67 NaN NaN 1.50 2.03 1.69 
9/9/2012 NaN 1.29 NaN NaN 1.42 2.39 1.69 
9/10/2012 NaN 1.44 NaN NaN 1.48 1.97 1.76 
9/11/2012 NaN 1.56 NaN NaN 1.52 1.93 1.77 
9/12/2012 NaN 1.68 NaN NaN 1.67 2.25 1.79 
9/13/2012 NaN 1.82 NaN NaN 2.12 2.57 2.14 
9/14/2012 NaN 1.86 NaN NaN 2.16 2.67 2.38 
9/15/2012 NaN 1.73 NaN NaN 2.01 2.35 2.34 
9/16/2012 NaN 1.85 NaN NaN 1.80 2.22 2.14 
9/17/2012 NaN 2.28 NaN NaN 1.83 1.79 2.13 
9/18/2012 NaN 1.74 NaN NaN 1.45 2.00 1.87 
9/19/2012 NaN 1.36 NaN NaN 1.35 2.19 1.65 
9/20/2012 NaN 1.30 NaN NaN 1.42 1.93 1.63 
9/21/2012 NaN 1.53 NaN NaN 1.43 1.89 1.62 
9/22/2012 NaN 1.35 NaN NaN 1.39 1.73 1.56 
9/23/2012 NaN 1.28 NaN NaN 1.36 1.66 1.45 
9/24/2012 NaN 1.22 NaN NaN 1.33 1.58 1.36 
9/25/2012 NaN 1.35 NaN NaN 1.30 1.69 1.30 
9/26/2012 NaN 1.43 NaN NaN 1.31 1.75 1.35 
9/27/2012 NaN 1.45 NaN NaN 1.42 1.78 1.50 
9/28/2012 NaN 1.58 NaN NaN 1.43 1.62 1.51 
9/29/2012 NaN 1.49 NaN NaN 1.44 1.65 1.58 
9/30/2012 NaN 2.18 NaN NaN 1.47 1.49 1.58 
10/1/2012 NaN 1.69 NaN NaN 1.42 1.32 1.46 
10/2/2012 NaN 1.15 0.45 1.32 1.35 1.62 1.33 
10/3/2012 NaN 1.25 0.83 1.54 1.33 1.85 1.27 
10/4/2012 NaN 1.11 1.08 1.66 1.34 1.81 1.29 
10/5/2012 NaN 1.20 1.00 1.59 1.33 1.79 1.36 
10/6/2012 NaN 1.27 0.94 1.49 1.30 1.84 1.34 
10/7/2012 NaN 0.90 0.93 1.49 1.27 2.05 1.27 
10/8/2012 NaN 1.02 0.88 1.55 1.22 1.98 1.23 
10/9/2012 NaN 1.10 0.84 1.48 1.20 1.72 1.21 
10/10/2012 NaN 1.21 0.73 1.39 1.19 1.67 1.20 
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10/11/2012 NaN 1.09 0.72 1.37 1.16 1.49 1.19 
10/12/2012 NaN 1.21 0.86 1.53 1.12 1.66 1.18 
10/13/2012 NaN 1.39 0.83 1.51 1.10 1.69 1.24 
10/14/2012 NaN 1.50 0.97 1.62 1.19 1.71 1.34 
10/15/2012 NaN 1.29 0.85 1.41 1.20 1.94 1.32 
10/16/2012 NaN 1.29 1.21 1.97 1.22 2.14 1.34 
10/17/2012 NaN 1.91 1.30 1.83 1.60 2.11 1.68 
10/18/2012 NaN 1.61 1.20 1.76 1.50 2.10 1.66 
10/19/2012 NaN 1.41 1.20 1.72 1.39 2.20 1.60 
10/20/2012 NaN 1.46 0.94 1.53 1.32 1.95 1.47 
10/21/2012 NaN 1.45 1.05 1.68 1.31 1.91 1.40 
10/22/2012 NaN 1.43 1.20 1.86 1.36 1.97 1.49 
10/23/2012 NaN 1.59 1.44 2.11 1.55 2.21 1.68 
10/24/2012 NaN 1.67 1.56 2.17 1.73 2.21 1.90 
10/25/2012 NaN 1.77 1.58 2.15 1.78 2.20 2.00 
10/26/2012 NaN 1.63 1.34 1.86 1.55 2.03 1.84 
10/27/2012 NaN 0.79 0.67 1.01 1.35 1.89 1.43 
10/28/2012 NaN 0.58 0.10 0.61 1.31 1.78 1.27 
10/29/2012 NaN 0.32 -0.10 0.57 1.27 1.69 1.25 
10/30/2012 NaN 0.92 -0.12 0.55 1.25 1.76 1.24 
10/31/2012 NaN 0.94 -0.23 0.50 1.23 1.43 1.24 
 
 
D.5.4. Tide stations 25-32 Data 
  
CRMS 
0128 
-H01 
CRMS 
0128 
-M01 
CRMS 
0129 
-H01 
CRMS 
0132 
-H01 
CRMS 
0135 
-H01 
CRMS 
0136 
-H01 
CRMS 
0139 
-H01 
CRMS 
0146 
-H01 
CRMS 
0147 
-H01 
 -89.95 -89.95 -89.60 -89.88 -89.76 -89.79 -89.48 -89.73 -89.60 
  29.83 29.83 29.47 29.66 29.69 29.62 29.38 29.73 29.67 
11/1/2011 0.93 0.93 1.09 1.11 0.81 0.98 1.54 0.81 NaN 
11/2/2011 1.06 1.06 1.00 1.29 0.92 1.03 1.45 0.93 NaN 
11/3/2011 1.09 1.09 0.80 1.21 0.85 0.67 1.41 0.89 NaN 
11/4/2011 0.84 0.84 0.74 0.60 0.25 0.35 1.33 0.24 NaN 
11/5/2011 0.73 0.73 1.05 0.87 0.62 0.82 1.50 0.62 NaN 
11/6/2011 0.96 0.96 1.53 1.39 1.17 1.39 1.93 1.15 NaN 
11/7/2011 1.28 1.28 1.36 1.56 1.21 1.32 1.77 1.20 NaN 
11/8/2011 1.46 1.46 1.32 1.61 1.27 1.33 1.77 1.31 NaN 
11/9/2011 1.50 1.50 1.18 1.51 1.14 1.08 1.75 1.17 NaN 
11/10/2011 1.22 1.22 1.45 1.16 0.67 0.82 2.12 0.55 NaN 
11/11/2011 0.98 0.98 0.79 0.91 0.59 0.63 1.31 0.62 NaN 
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11/12/2011 0.92 0.92 0.85 0.83 0.47 0.53 1.02 0.51 NaN 
11/13/2011 0.97 0.97 1.03 0.97 0.73 0.80 1.38 0.80 NaN 
11/14/2011 1.10 1.10 1.16 1.17 0.98 1.08 1.65 1.08 NaN 
11/15/2011 1.28 1.28 1.20 1.29 1.09 1.17 1.70 1.21 NaN 
11/16/2011 1.40 1.40 0.98 1.31 1.08 1.01 1.43 1.27 NaN 
11/17/2011 1.18 1.18 1.22 1.01 0.63 0.78 1.81 0.62 NaN 
11/18/2011 1.07 1.07 1.58 1.33 1.10 1.44 1.93 1.11 NaN 
11/19/2011 1.26 1.26 1.39 1.43 1.16 1.32 1.86 1.22 NaN 
11/20/2011 1.35 1.35 1.35 1.44 1.15 1.27 1.85 1.24 NaN 
11/21/2011 1.33 1.33 1.16 1.32 1.01 1.12 1.62 1.10 NaN 
11/22/2011 1.42 1.42 1.07 1.34 1.10 1.10 1.61 1.22 NaN 
11/23/2011 1.31 1.31 1.12 1.23 0.91 0.97 1.67 0.96 NaN 
11/24/2011 1.28 1.28 1.55 1.44 1.16 1.41 1.93 1.16 NaN 
11/25/2011 1.43 1.43 1.45 1.52 1.16 1.29 1.56 1.23 NaN 
11/26/2011 1.66 1.66 1.52 1.66 1.45 1.61 1.89 1.56 NaN 
11/27/2011 1.74 1.74 0.92 1.60 1.19 0.91 1.61 1.35 NaN 
11/28/2011 1.45 1.45 0.58 0.55 0.08 -0.17 1.06 0.20 NaN 
11/29/2011 0.92 0.92 0.31 0.06 -0.22 -0.43 0.71 -0.10 NaN 
11/30/2011 0.73 0.73 0.67 0.21 0.16 0.34 1.27 0.19 NaN 
12/1/2011 NaN NaN 0.83 0.64 0.49 0.67 1.35 0.52 NaN 
12/2/2011 0.79 0.79 0.97 0.77 0.58 0.77 1.53 0.61 NaN 
12/3/2011 1.00 1.00 1.09 1.05 0.84 1.03 1.61 0.89 NaN 
12/4/2011 1.32 1.32 1.39 1.37 1.20 1.37 1.91 1.28 NaN 
12/5/2011 1.58 1.58 1.35 1.48 1.29 1.35 1.97 1.40 NaN 
12/6/2011 1.46 1.46 1.06 1.25 0.95 0.92 1.80 1.03 NaN 
12/7/2011 1.33 1.33 0.78 0.69 0.16 -0.17 1.16 0.26 NaN 
12/8/2011 NaN NaN 0.66 0.41 0.18 0.34 1.26 0.19 NaN 
12/9/2011 NaN NaN 0.82 0.55 0.27 0.32 1.30 0.33 NaN 
12/10/2011 0.86 0.86 0.93 0.63 0.35 0.55 1.76 0.34 NaN 
12/11/2011 0.89 0.89 1.10 0.95 0.64 0.84 1.89 0.64 NaN 
12/12/2011 0.96 0.96 1.01 0.96 0.68 0.85 1.84 0.69 NaN 
12/13/2011 1.05 1.05 1.03 1.13 0.82 1.01 1.84 0.83 NaN 
12/14/2011 1.14 1.14 0.85 1.17 0.83 0.91 1.80 0.88 NaN 
12/15/2011 1.17 1.17 0.86 1.08 0.80 0.88 1.87 0.88 NaN 
12/16/2011 1.17 1.17 0.92 1.07 0.83 0.89 1.96 0.90 NaN 
12/17/2011 1.06 1.06 1.09 0.91 0.64 0.79 2.11 0.64 NaN 
12/18/2011 0.94 0.94 1.14 1.04 0.79 0.98 2.14 0.80 NaN 
12/19/2011 1.01 1.01 0.83 0.93 0.65 0.76 1.91 0.69 NaN 
12/20/2011 1.10 1.10 1.17 1.11 0.96 1.07 2.25 1.04 NaN 
12/21/2011 1.23 1.23 1.23 1.26 1.09 1.18 2.37 1.18 NaN 
12/22/2011 1.38 1.38 1.12 1.28 1.06 1.06 2.34 1.14 NaN 
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12/23/2011 1.30 1.30 1.39 1.34 1.10 1.22 2.41 1.07 NaN 
12/24/2011 1.31 1.31 1.45 1.48 1.19 1.39 2.39 1.16 NaN 
12/25/2011 1.39 1.39 1.32 1.50 1.15 1.26 2.32 1.12 NaN 
12/26/2011 1.46 1.46 1.26 1.53 1.26 1.34 2.37 1.28 NaN 
12/27/2011 1.30 1.30 0.44 0.67 0.23 -0.20 1.62 0.35 NaN 
12/28/2011 1.02 1.02 0.56 0.44 0.32 0.39 1.84 0.32 NaN 
12/29/2011 0.90 0.90 0.64 0.69 0.55 0.62 1.92 0.57 NaN 
12/30/2011 0.91 0.91 0.66 0.74 0.61 0.59 1.98 0.66 NaN 
12/31/2011 0.86 0.86 0.51 0.55 0.41 0.44 1.81 0.42 NaN 
1/1/2012 0.79 0.79 0.45 0.49 0.28 0.26 1.77 0.30 NaN 
1/2/2012 0.70 0.70 0.48 0.11 -0.11 -0.01 1.83 -0.20 NaN 
1/3/2012 NaN NaN 0.23 -0.18 -0.39 -0.31 1.35 -0.45 NaN 
1/4/2012 NaN NaN 0.50 -0.08 -0.20 -0.17 1.24 -0.19 NaN 
1/5/2012 NaN NaN 0.49 0.02 -0.14 -0.17 1.22 -0.11 NaN 
1/6/2012 NaN NaN 0.64 0.08 0.00 0.01 1.39 0.03 NaN 
1/7/2012 NaN NaN 0.82 0.26 0.18 0.19 1.43 0.20 NaN 
1/8/2012 NaN NaN 0.76 0.48 0.43 0.45 1.58 0.47 NaN 
1/9/2012 NaN NaN 0.83 0.58 0.44 0.48 1.56 0.46 NaN 
1/10/2012 NaN NaN 0.96 0.97 0.89 0.99 1.87 0.95 NaN 
1/11/2012 NaN NaN 0.37 0.48 0.16 -0.40 1.26 0.39 NaN 
1/12/2012 NaN NaN 0.64 0.15 0.04 -0.31 1.34 0.12 NaN 
1/13/2012 NaN NaN 0.32 -0.13 -0.24 -0.19 1.40 -0.27 NaN 
1/14/2012 NaN NaN 0.10 -0.17 -0.26 -0.26 0.99 -0.24 NaN 
1/15/2012 NaN NaN 0.41 -0.25 -0.33 -0.30 0.92 -0.33 NaN 
1/16/2012 NaN NaN 0.48 0.13 0.12 0.20 1.10 0.14 NaN 
1/17/2012 NaN NaN 0.67 0.37 0.38 0.39 1.27 0.41 NaN 
1/18/2012 NaN NaN 0.86 0.52 0.47 0.58 1.62 0.42 NaN 
1/19/2012 NaN NaN 1.05 0.62 0.53 0.56 1.37 0.53 NaN 
1/20/2012 NaN NaN 0.92 0.63 0.53 0.43 1.20 0.61 NaN 
1/21/2012 NaN NaN 0.79 0.58 0.49 0.37 1.09 0.59 NaN 
1/22/2012 NaN NaN 0.92 0.62 0.53 0.53 1.20 0.61 NaN 
1/23/2012 NaN NaN 0.79 0.74 0.62 0.52 1.13 0.69 NaN 
1/24/2012 NaN NaN 1.19 1.08 0.95 1.18 1.69 0.85 NaN 
1/25/2012 1.45 1.45 0.93 1.32 1.04 1.12 1.49 1.03 NaN 
1/26/2012 1.49 1.49 0.83 1.23 0.99 0.71 1.28 1.08 NaN 
1/27/2012 1.20 1.20 0.44 0.42 0.20 0.02 1.12 0.17 NaN 
1/28/2012 0.96 0.96 0.34 0.39 0.22 0.17 1.03 0.16 NaN 
1/29/2012 0.81 0.81 0.81 0.56 0.41 0.58 1.45 0.29 NaN 
1/30/2012 0.79 0.79 0.74 0.53 0.33 0.39 1.18 0.25 NaN 
1/31/2012 0.87 0.87 0.50 0.66 0.46 0.48 1.22 0.42 NaN 
2/1/2012 1.07 1.07 0.75 0.74 0.63 0.69 1.52 0.63 NaN 
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2/2/2012 1.45 1.45 0.82 0.89 0.70 0.75 1.49 0.71 NaN 
2/3/2012 1.62 1.62 0.99 1.17 0.98 1.05 1.74 0.96 NaN 
2/4/2012 1.78 1.78 0.84 1.23 1.01 0.93 1.66 1.05 NaN 
2/5/2012 1.77 1.77 1.01 1.07 0.84 0.83 1.92 0.83 NaN 
2/6/2012 1.68 1.68 1.02 1.10 0.79 0.89 1.97 0.80 NaN 
2/7/2012 1.63 1.63 0.93 1.02 0.74 0.84 1.93 0.80 NaN 
2/8/2012 1.58 1.58 0.81 0.88 0.58 0.65 1.86 0.63 NaN 
2/9/2012 1.16 1.16 1.22 1.06 0.83 1.04 2.22 0.83 NaN 
2/10/2012 0.97 0.97 0.71 0.83 0.53 0.59 1.93 0.57 NaN 
2/11/2012 0.84 0.84 0.57 0.34 -0.05 0.00 1.97 -0.10 NaN 
2/12/2012 0.73 0.73 0.79 0.25 0.04 0.31 1.92 -0.06 NaN 
2/13/2012 0.70 0.70 0.68 0.33 0.14 0.29 1.61 0.16 NaN 
2/14/2012 0.72 0.72 0.71 0.58 0.42 0.42 1.78 0.48 NaN 
2/15/2012 0.72 0.72 0.85 0.73 0.59 0.73 1.96 0.61 NaN 
2/16/2012 0.81 0.81 0.87 0.88 0.67 0.67 1.93 0.71 NaN 
2/17/2012 0.79 0.79 0.90 0.89 0.67 0.78 1.99 0.66 NaN 
2/18/2012 0.96 0.96 0.98 1.09 0.84 0.94 2.12 0.85 NaN 
2/19/2012 1.01 1.01 1.11 1.07 0.75 0.50 1.80 0.85 NaN 
2/20/2012 0.80 0.80 0.70 0.79 0.54 0.66 1.72 0.52 NaN 
2/21/2012 0.74 0.74 0.58 0.75 0.47 0.45 1.52 0.50 NaN 
2/22/2012 0.71 0.71 0.44 0.60 0.47 0.36 1.51 0.54 NaN 
2/23/2012 NaN NaN 0.26 0.19 0.24 0.09 1.34 0.36 NaN 
2/24/2012 NaN NaN 0.74 0.27 0.31 0.33 1.67 0.27 NaN 
2/25/2012 NaN NaN 1.29 0.75 0.71 1.00 2.04 0.57 NaN 
2/26/2012 0.72 0.72 1.18 0.95 0.89 1.11 1.77 0.79 NaN 
2/27/2012 1.03 1.03 1.51 1.47 1.34 1.52 2.10 1.20 NaN 
2/28/2012 1.27 1.27 0.65 1.27 0.97 0.88 1.38 0.92 NaN 
2/29/2012 1.13 1.13 0.48 0.82 0.67 0.58 1.21 0.67 NaN 
3/1/2012 0.92 0.92 0.52 0.50 0.36 0.19 0.96 0.42 NaN 
3/2/2012 0.83 0.83 0.49 0.37 0.40 0.25 0.99 0.52 NaN 
3/3/2012 0.75 0.75 1.55 0.40 0.42 0.47 1.75 0.37 NaN 
3/4/2012 NaN NaN 0.51 0.45 0.20 0.10 1.07 0.21 NaN 
3/5/2012 NaN NaN 0.20 -0.26 -0.46 -0.59 0.49 -0.43 NaN 
3/6/2012 NaN NaN 0.80 0.05 0.08 0.31 1.00 0.05 NaN 
3/7/2012 0.82 0.82 1.01 0.89 0.86 1.06 1.52 0.86 NaN 
3/8/2012 1.18 1.18 1.17 1.26 1.16 1.23 1.75 1.19 NaN 
3/9/2012 1.24 1.24 1.42 1.27 1.15 1.30 1.96 1.09 NaN 
3/10/2012 1.32 1.32 1.92 1.74 1.59 1.88 2.39 1.48 NaN 
3/11/2012 1.63 1.63 1.25 1.63 1.37 1.42 1.80 1.35 NaN 
3/12/2012 1.68 1.68 1.40 1.56 1.42 1.48 1.97 1.43 NaN 
3/13/2012 1.71 1.71 0.89 1.48 1.27 1.13 1.61 1.30 NaN 
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3/14/2012 1.45 1.45 1.05 1.15 0.96 0.91 1.51 0.99 NaN 
3/15/2012 1.27 1.27 0.87 1.04 0.87 0.81 1.47 0.89 NaN 
3/16/2012 1.12 1.12 0.77 0.85 0.70 0.67 1.43 0.72 NaN 
3/17/2012 1.02 1.02 0.74 0.79 0.68 0.71 1.50 0.71 NaN 
3/18/2012 1.06 1.06 0.63 0.85 0.78 0.79 1.52 0.77 NaN 
3/19/2012 1.21 1.21 0.83 0.99 0.98 1.00 1.71 0.96 NaN 
3/20/2012 1.71 1.71 1.46 1.58 1.63 1.77 2.22 1.65 NaN 
3/21/2012 2.62 2.62 1.83 2.42 2.44 2.37 2.56 2.50 NaN 
3/22/2012 2.59 2.59 1.34 2.01 1.80 1.43 2.36 1.78 NaN 
3/23/2012 2.33 2.33 0.95 1.52 1.36 1.09 2.09 1.38 NaN 
3/24/2012 1.83 1.83 0.79 0.99 0.90 0.74 1.95 0.89 NaN 
3/25/2012 1.31 1.31 0.97 0.85 0.84 0.75 1.99 0.82 NaN 
3/26/2012 1.02 1.02 0.77 0.70 0.64 0.59 1.79 0.66 NaN 
3/27/2012 0.90 0.90 0.66 0.60 0.54 0.52 1.69 0.57 NaN 
3/28/2012 0.86 0.86 0.70 0.65 0.58 0.59 1.71 0.62 NaN 
3/29/2012 0.94 0.94 0.93 0.81 0.77 0.88 2.01 0.83 1.39 
3/30/2012 1.23 1.23 0.89 0.98 0.91 0.86 2.10 1.01 0.88 
3/31/2012 1.54 1.54 0.82 0.83 0.71 0.58 1.91 0.81 0.52 
4/1/2012 1.76 1.76 0.63 0.69 0.61 0.57 1.88 0.71 0.57 
4/2/2012 1.91 1.91 0.74 0.82 0.70 0.73 1.92 0.82 0.66 
4/3/2012 2.28 2.27 1.01 1.43 1.17 1.16 2.15 1.27 0.97 
4/4/2012 2.37 2.36 1.42 1.49 1.22 1.36 2.51 1.29 1.12 
4/5/2012 2.30 2.29 0.76 1.21 0.87 0.77 2.05 1.01 0.66 
4/6/2012 2.14 2.14 1.12 1.04 0.80 0.93 2.24 0.90 0.82 
4/7/2012 2.07 2.07 1.50 1.33 1.16 1.41 2.38 1.26 1.37 
4/8/2012 2.14 2.14 1.13 1.41 1.13 1.10 2.04 1.24 0.94 
4/9/2012 2.15 2.15 0.99 1.16 0.90 0.83 1.88 1.01 0.72 
4/10/2012 2.12 2.12 1.19 1.08 0.88 0.88 1.94 0.99 0.80 
4/11/2012 2.11 2.11 1.18 0.98 0.80 0.76 1.83 0.90 0.67 
4/12/2012 2.12 2.12 1.58 1.35 1.19 1.39 2.28 1.21 1.32 
4/13/2012 2.06 2.06 1.05 1.44 1.17 1.12 1.85 1.22 1.01 
4/14/2012 1.68 1.68 1.21 1.45 1.20 1.27 1.90 1.27 1.23 
4/15/2012 1.76 1.76 1.32 1.65 1.46 1.42 2.01 1.56 1.43 
4/16/2012 1.82 1.82 1.36 1.66 1.48 1.51 2.01 1.53 1.42 
4/17/2012 1.74 1.74 1.46 1.64 1.46 1.56 2.13 1.47 1.31 
4/18/2012 1.45 1.45 1.44 1.28 1.05 1.24 2.17 1.07 1.12 
4/19/2012 1.22 1.22 1.35 1.33 1.20 1.34 2.02 1.29 1.20 
4/20/2012 1.17 1.17 1.02 1.12 0.97 1.07 1.68 1.07 0.96 
4/21/2012 1.12 1.11 1.47 1.17 1.13 1.28 2.13 1.19 1.12 
4/22/2012 0.87 0.87 1.34 1.01 0.80 0.92 2.16 0.81 0.68 
4/23/2012 0.76 0.76 0.89 0.59 0.34 0.44 1.63 0.35 0.21 
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4/24/2012 NaN NaN 0.77 0.40 0.29 0.40 1.16 0.37 0.35 
4/25/2012 NaN NaN 0.46 0.23 0.10 0.04 0.81 0.24 0.07 
4/26/2012 NaN NaN 0.30 0.05 0.00 -0.12 0.71 0.15 -0.01 
4/27/2012 NaN NaN 0.51 0.10 0.11 0.14 0.90 0.23 0.26 
4/28/2012 NaN NaN 0.68 0.32 0.34 0.43 1.08 0.44 0.54 
4/29/2012 NaN NaN 0.72 0.68 0.62 0.73 1.20 0.68 0.68 
4/30/2012 0.75 0.75 0.73 0.79 0.67 0.72 1.24 0.74 0.66 
5/1/2012 0.80 0.80 1.15 0.90 0.83 1.08 1.54 0.86 1.01 
5/2/2012 1.18 1.18 1.42 1.61 1.53 1.63 1.83 1.61 1.54 
5/3/2012 1.48 1.48 1.47 1.64 1.51 1.56 1.95 1.57 1.47 
5/4/2012 1.48 1.48 1.26 1.51 1.35 1.39 1.77 1.42 1.22 
5/5/2012 1.38 1.38 1.13 1.41 1.25 1.28 1.63 1.32 1.13 
5/6/2012 1.29 1.29 1.15 1.33 1.19 1.23 1.64 1.25 1.12 
5/7/2012 1.27 1.27 1.28 1.33 1.21 1.28 1.74 1.27 1.21 
5/8/2012 1.31 1.31 1.36 1.37 1.28 1.34 1.74 1.31 1.25 
5/9/2012 1.24 1.24 1.25 1.25 1.10 1.06 1.69 1.13 0.88 
5/10/2012 1.12 1.12 1.50 1.33 1.27 1.38 1.95 1.22 1.30 
5/11/2012 1.28 1.28 1.52 1.50 1.43 1.57 1.84 1.43 1.58 
5/12/2012 1.53 1.53 0.94 1.63 1.47 1.24 1.42 1.48 1.09 
5/13/2012 1.32 1.32 0.86 1.04 0.89 0.74 1.43 0.88 0.72 
5/14/2012 0.97 0.97 1.15 0.98 0.95 0.93 1.71 0.90 0.99 
5/15/2012 0.92 0.92 1.06 1.11 1.03 0.97 1.63 0.98 0.98 
5/16/2012 0.93 0.93 1.13 1.16 1.11 1.05 1.71 1.06 1.03 
5/17/2012 0.96 0.96 1.12 1.17 1.09 1.02 1.73 1.03 0.98 
5/18/2012 0.94 0.94 1.03 1.05 1.01 0.96 1.62 0.95 0.92 
5/19/2012 0.99 0.99 1.11 1.14 1.13 1.11 1.61 1.07 1.04 
5/20/2012 1.05 1.05 1.14 1.20 1.17 1.13 1.61 1.09 0.98 
5/21/2012 0.97 0.97 0.82 0.93 0.84 0.65 1.22 0.79 0.54 
5/22/2012 0.78 0.78 0.83 0.60 0.58 0.44 1.14 0.53 0.40 
5/23/2012 0.72 0.72 0.76 0.54 0.60 0.45 1.13 0.56 0.49 
5/24/2012 0.72 0.72 0.84 0.61 0.74 0.63 1.15 0.70 0.71 
5/25/2012 0.75 0.75 0.92 0.76 0.81 0.73 1.21 0.74 0.71 
5/26/2012 0.78 0.78 0.90 0.87 0.88 0.78 1.30 0.77 0.70 
5/27/2012 0.77 0.77 0.88 0.84 0.85 0.76 1.41 0.75 0.75 
5/28/2012 0.75 0.75 0.75 0.78 0.81 0.62 1.32 0.71 0.64 
5/29/2012 NaN NaN 0.23 0.33 0.36 0.02 0.83 0.26 0.07 
5/30/2012 NaN NaN 0.25 -0.03 0.11 -0.11 0.67 0.04 0.03 
5/31/2012 NaN NaN 0.45 0.22 0.39 0.17 0.75 0.31 0.25 
6/1/2012 NaN NaN 0.67 0.33 0.38 0.18 1.03 0.30 0.19 
6/2/2012 NaN NaN 1.35 0.65 0.80 0.83 1.44 0.67 0.83 
6/3/2012 NaN NaN 0.91 0.70 0.75 0.53 0.97 0.66 0.47 
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6/4/2012 NaN NaN 0.82 0.54 0.55 0.36 0.87 0.51 0.33 
6/5/2012 NaN NaN 0.95 0.49 0.56 0.38 0.99 0.51 0.40 
6/6/2012 NaN NaN 0.99 0.50 0.61 0.44 1.09 0.53 0.43 
6/7/2012 NaN NaN 1.11 0.77 0.83 0.82 1.48 0.77 0.81 
6/8/2012 0.82 0.82 1.43 1.17 1.20 1.30 1.82 1.14 1.33 
6/9/2012 1.14 1.14 1.39 1.62 1.52 1.54 1.77 1.53 1.47 
6/10/2012 1.51 1.51 0.73 1.49 1.29 1.02 1.17 1.39 0.99 
6/11/2012 1.36 1.36 0.56 0.93 0.84 0.63 1.01 0.90 0.70 
6/12/2012 0.99 0.99 0.85 0.77 0.70 0.69 1.34 0.66 0.67 
6/13/2012 0.77 0.77 0.68 0.60 0.58 0.58 1.24 0.57 0.54 
6/14/2012 NaN NaN 0.71 0.48 0.45 0.56 1.25 0.57 0.53 
6/15/2012 0.79 0.79 1.50 0.84 0.92 1.30 1.91 0.98 1.33 
6/16/2012 1.04 1.04 2.28 1.63 1.71 2.21 2.52 1.73 2.12 
6/17/2012 1.66 1.66 1.83 2.03 1.91 2.12 2.16 2.01 1.88 
6/18/2012 2.02 2.02 1.71 1.91 1.80 1.98 2.04 1.90 1.80 
6/19/2012 2.10 2.10 1.75 1.94 1.84 2.00 2.08 1.91 1.78 
6/20/2012 2.08 2.08 1.96 2.00 1.88 2.09 2.29 1.94 1.87 
6/21/2012 2.03 2.03 2.15 2.03 1.90 2.15 2.54 1.96 1.97 
6/22/2012 2.00 2.00 2.36 2.12 2.02 2.34 2.73 2.08 2.18 
6/23/2012 2.19 2.19 2.55 2.41 2.31 2.61 2.92 2.33 2.39 
6/24/2012 2.39 2.39 3.15 2.69 2.66 2.96 3.61 2.63 2.79 
6/25/2012 2.51 2.51 2.84 2.61 2.59 2.71 3.44 2.55 2.57 
6/26/2012 2.29 2.29 2.05 2.16 2.06 2.10 2.60 2.10 1.93 
6/27/2012 2.00 2.00 1.73 1.75 1.70 1.77 2.23 1.77 1.71 
6/28/2012 1.76 1.76 1.13 1.49 1.37 1.33 1.63 1.46 1.13 
6/29/2012 1.49 1.49 1.00 1.18 1.08 1.09 1.43 1.19 0.92 
6/30/2012 1.23 1.23 1.09 0.97 0.90 0.92 1.32 1.01 0.80 
7/1/2012 1.06 1.06 1.26 0.88 0.90 0.90 1.24 0.99 0.76 
7/2/2012 0.90 0.90 0.98 0.69 0.68 0.69 1.24 0.74 0.59 
7/3/2012 0.81 0.81 1.17 0.75 0.83 0.93 1.53 0.88 0.91 
7/4/2012 0.81 0.81 1.06 0.80 0.81 0.88 1.40 0.87 0.83 
7/5/2012 0.82 0.82 0.97 0.82 0.83 0.89 1.44 0.88 0.84 
7/6/2012 0.80 0.80 0.95 0.78 0.78 0.86 1.44 0.84 0.82 
7/7/2012 0.83 0.83 0.97 0.86 0.85 0.92 1.46 0.90 0.90 
7/8/2012 0.85 0.85 0.83 0.82 0.79 0.81 1.33 0.82 0.80 
7/9/2012 0.77 0.77 0.79 0.67 0.70 0.73 1.30 0.71 0.75 
7/10/2012 0.75 0.75 0.61 0.60 0.62 0.58 1.14 0.63 0.55 
7/11/2012 0.75 0.75 0.75 0.69 0.72 0.74 1.25 0.77 0.73 
7/12/2012 0.77 0.77 0.87 0.72 0.78 0.82 1.35 0.80 0.82 
7/13/2012 0.78 0.78 0.98 0.87 0.90 0.96 1.45 0.89 0.89 
7/14/2012 0.82 0.82 1.22 0.98 1.05 1.15 1.68 1.02 1.09 
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7/15/2012 0.96 0.96 1.18 1.12 1.06 1.20 1.63 1.14 1.14 
7/16/2012 1.05 1.05 1.14 1.16 1.03 1.23 1.57 1.17 1.10 
7/17/2012 1.06 1.06 1.05 1.07 0.93 1.03 1.45 1.05 0.89 
7/18/2012 1.00 1.00 0.99 0.99 0.85 0.96 1.52 0.97 0.87 
7/19/2012 1.05 1.05 0.89 0.96 0.81 0.90 1.43 0.94 0.80 
7/20/2012 0.97 0.97 0.65 0.73 0.61 0.65 1.26 0.74 0.58 
7/21/2012 0.86 0.86 0.83 0.78 0.67 0.78 1.37 0.79 0.76 
7/22/2012 0.92 0.92 1.25 1.04 1.03 1.21 1.71 1.10 1.21 
7/23/2012 1.12 1.12 1.38 1.28 1.27 1.39 1.78 1.27 1.30 
7/24/2012 1.19 1.19 1.13 1.15 1.16 1.10 1.71 1.12 1.05 
7/25/2012 0.97 0.97 0.99 0.86 0.95 0.87 1.59 0.88 0.88 
7/26/2012 0.85 0.85 0.86 0.79 0.89 0.76 1.47 0.83 0.75 
7/27/2012 0.80 0.80 1.09 0.79 0.91 0.79 1.43 0.83 0.69 
7/28/2012 0.74 0.74 0.96 0.72 0.78 0.68 1.39 0.71 0.64 
7/29/2012 0.73 0.73 1.09 0.66 0.80 0.64 1.25 0.69 0.58 
7/30/2012 NaN NaN 0.94 0.55 NaN 0.55 1.22 0.59 0.52 
7/31/2012 NaN NaN 0.82 0.48 NaN 0.48 1.23 0.52 0.49 
8/1/2012 NaN NaN 0.93 0.43 NaN 0.45 1.22 0.49 0.46 
8/2/2012 NaN NaN 0.76 0.44 NaN 0.53 1.33 0.51 0.58 
8/3/2012 NaN NaN 0.84 0.66 NaN 0.73 1.44 0.72 0.75 
8/4/2012 0.76 0.76 1.13 0.87 NaN 0.99 1.68 0.90 1.02 
8/5/2012 0.90 0.90 1.12 1.06 NaN 1.09 1.67 1.04 1.03 
8/6/2012 0.90 0.90 1.01 0.91 NaN 0.90 1.61 0.86 0.90 
8/7/2012 0.83 0.83 1.10 0.97 NaN 0.99 1.69 0.95 1.01 
8/8/2012 NaN NaN 1.07 1.04 NaN 1.00 1.66 1.00 0.99 
8/9/2012 NaN NaN 0.80 0.87 NaN 0.72 1.43 0.83 0.68 
8/10/2012 NaN NaN 0.83 0.72 NaN 0.53 1.23 0.70 0.51 
8/11/2012 NaN NaN 0.69 0.59 NaN 0.55 1.36 0.55 0.56 
8/12/2012 NaN NaN 0.93 0.77 NaN 0.82 1.57 0.77 0.82 
8/13/2012 NaN NaN 0.97 0.82 NaN 0.70 1.37 0.78 0.66 
8/14/2012 NaN NaN 0.80 0.61 NaN 0.39 1.05 0.54 0.37 
8/15/2012 NaN NaN 0.81 0.53 NaN 0.54 1.33 0.52 0.56 
8/16/2012 NaN NaN 0.78 0.66 NaN 0.73 1.42 0.67 0.68 
8/17/2012 NaN NaN 0.98 0.79 NaN 0.94 1.60 0.85 0.89 
8/18/2012 NaN NaN 0.92 0.88 NaN 0.91 1.56 0.93 0.80 
8/19/2012 NaN NaN 0.77 0.70 NaN 0.69 1.43 0.68 0.67 
8/20/2012 NaN NaN 1.00 0.77 NaN 0.91 1.64 0.79 0.87 
8/21/2012 NaN NaN 1.25 0.98 NaN 1.17 1.87 1.00 1.09 
8/22/2012 NaN NaN 1.35 1.12 NaN 1.28 1.96 1.10 1.19 
8/23/2012 NaN NaN 1.15 1.14 NaN 1.21 1.75 1.08 1.03 
8/24/2012 NaN NaN 1.12 1.12 NaN 1.19 1.72 1.06 1.05 
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8/25/2012 NaN NaN 1.45 1.27 NaN 1.51 1.99 1.28 1.36 
8/26/2012 NaN NaN 1.66 1.53 NaN 1.75 2.18 1.50 1.49 
8/27/2012 NaN NaN 2.07 1.55 NaN 1.79 2.72 1.42 1.53 
8/28/2012 NaN NaN 7.27 3.90 NaN 4.53 6.09 2.66 3.84 
8/29/2012 NaN NaN 4.18 8.91 NaN NaN 4.01 NaN 3.60 
8/30/2012 NaN NaN 2.10 5.63 NaN NaN 1.84 4.79 2.40 
8/31/2012 NaN NaN 1.55 3.47 NaN NaN 1.29 3.10 1.58 
9/1/2012 NaN NaN 1.17 2.19 NaN NaN 0.98 1.83 1.13 
9/2/2012 NaN NaN 0.93 1.43 NaN NaN 0.90 1.21 0.90 
9/3/2012 NaN NaN 0.81 0.94 NaN NaN 0.84 0.90 0.78 
9/4/2012 NaN NaN 0.53 0.54 NaN NaN 0.58 0.54 0.49 
9/5/2012 NaN NaN 0.76 0.37 NaN NaN 0.69 0.45 0.40 
9/6/2012 NaN NaN 1.56 0.88 NaN NaN 1.45 1.01 1.37 
9/7/2012 NaN NaN 1.73 1.55 NaN NaN 1.85 1.55 1.58 
9/8/2012 NaN NaN 1.56 1.55 NaN NaN 1.99 NaN 1.35 
9/9/2012 NaN NaN 1.88 1.62 NaN NaN 2.45 NaN 1.51 
9/10/2012 NaN NaN 1.53 1.56 NaN NaN 2.10 NaN 1.32 
9/11/2012 NaN NaN 1.57 1.56 NaN NaN 2.09 NaN 1.44 
9/12/2012 NaN NaN 1.90 1.70 NaN NaN 2.38 NaN 1.84 
9/13/2012 NaN NaN 2.17 2.19 NaN NaN 2.72 NaN 2.05 
9/14/2012 NaN NaN 2.26 2.25 NaN NaN 2.86 NaN 2.05 
9/15/2012 NaN NaN 1.89 2.02 NaN NaN 2.57 NaN 1.69 
9/16/2012 NaN NaN 1.78 1.83 NaN NaN 2.46 NaN 1.66 
9/17/2012 NaN NaN 1.44 1.69 NaN NaN 2.19 NaN 1.52 
9/18/2012 NaN NaN 1.15 1.19 NaN NaN 2.06 NaN 0.93 
9/19/2012 NaN NaN 1.94 1.41 NaN NaN 2.49 NaN 1.36 
9/20/2012 NaN NaN NaN 1.39 NaN NaN 2.09 NaN 1.11 
9/21/2012 NaN NaN NaN 1.35 NaN NaN 1.89 NaN 1.14 
9/22/2012 NaN NaN NaN 1.22 NaN NaN 1.63 NaN 0.83 
9/23/2012 NaN NaN NaN 1.02 NaN NaN 1.67 NaN 0.87 
9/24/2012 NaN NaN NaN 0.91 NaN NaN 1.57 NaN 0.79 
9/25/2012 NaN NaN NaN 1.07 NaN NaN 1.75 NaN 1.11 
9/26/2012 NaN NaN NaN 1.28 NaN NaN 1.85 NaN 1.22 
9/27/2012 NaN NaN NaN 1.38 NaN NaN 1.93 NaN 1.26 
9/28/2012 NaN NaN NaN 1.20 NaN NaN 1.85 NaN 1.07 
9/29/2012 NaN NaN NaN 1.14 NaN NaN 1.79 NaN 1.00 
9/30/2012 NaN NaN NaN 1.25 NaN NaN 1.43 NaN 1.15 
10/1/2012 NaN NaN NaN 0.68 NaN NaN 1.10 NaN 0.05 
10/2/2012 NaN NaN NaN 0.48 0.68 0.48 1.56 0.58 0.81 
10/3/2012 NaN NaN NaN 0.98 1.00 0.96 1.69 0.96 1.12 
10/4/2012 NaN NaN NaN 1.28 1.21 1.10 1.84 1.16 1.17 
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10/5/2012 NaN NaN NaN 1.21 1.13 0.91 1.86 1.09 1.11 
10/6/2012 NaN NaN NaN 1.16 1.06 0.84 1.73 1.04 1.00 
10/7/2012 NaN NaN NaN 1.14 1.02 1.31 2.06 0.93 0.99 
10/8/2012 NaN NaN NaN 1.13 1.03 1.36 2.01 0.94 1.10 
10/9/2012 NaN NaN NaN 1.11 1.00 1.14 1.68 0.95 1.00 
10/10/2012 NaN NaN NaN 0.98 0.91 0.82 1.62 0.87 0.93 
10/11/2012 NaN NaN NaN 0.96 0.89 0.71 1.52 0.85 0.91 
10/12/2012 NaN NaN NaN 1.11 1.04 0.81 1.66 0.99 1.07 
10/13/2012 NaN NaN NaN 1.08 1.00 0.67 1.58 0.98 1.07 
10/14/2012 NaN NaN NaN 1.24 1.15 0.77 1.65 1.15 1.16 
10/15/2012 NaN NaN NaN 1.12 1.01 0.67 1.60 0.99 0.91 
10/16/2012 NaN NaN NaN 1.44 1.39 1.53 2.11 1.33 1.56 
10/17/2012 NaN NaN NaN 1.60 1.45 1.26 1.63 1.48 1.32 
10/18/2012 NaN NaN NaN 1.45 1.35 1.11 1.90 1.34 1.26 
10/19/2012 NaN NaN NaN 1.51 1.36 1.33 1.89 1.35 1.18 
10/20/2012 NaN NaN NaN 1.22 1.11 1.07 1.69 1.10 1.06 
10/21/2012 NaN NaN NaN 1.29 1.20 1.25 1.77 1.18 1.23 
10/22/2012 NaN NaN NaN 1.43 1.34 1.35 1.97 1.30 1.43 
10/23/2012 NaN NaN NaN 1.66 1.57 1.48 2.19 1.53 1.67 
10/24/2012 NaN NaN NaN 1.81 1.67 1.46 2.20 1.65 1.69 
10/25/2012 NaN NaN NaN 1.83 1.67 1.36 2.21 1.67 1.66 
10/26/2012 NaN NaN NaN 1.62 1.42 1.09 2.07 1.43 1.35 
10/27/2012 NaN NaN NaN 1.03 0.63 0.82 1.92 0.57 0.46 
10/28/2012 NaN NaN NaN 0.46 0.12 0.32 1.70 0.06 0.13 
10/29/2012 NaN NaN 0.76 0.23 -0.02 0.19 1.50 -0.08 0.15 
10/30/2012 NaN NaN 0.48 0.18 0.01 -0.03 0.99 0.03 0.11 
10/31/2012 NaN NaN 0.46 -0.02 -0.17 -0.49 0.66 -0.12 0.01 
 
 
D.5.5. Tide stations 33-40 Data 
 
CRMS 
0153 
-H01 
CRMS 
0154 
-H01 
CRMS 
0156 
-H01 
CRMS 
0157 
-H01 
CRMS 
0159 
-H01 
CRMS 
0161 
-H01 
CRMS 
0163 
-H01 
CRMS 
0164 
-H01 
 -89.13 -89.20 -89.17 -89.23 -89.20 -89.17 -89.42 -90.17 
  29.11 29.11 29.16 29.13 29.04 29.29 29.22 29.19 
11/1/2011 2.12 2.21 1.89 2.44 1.65 1.55 1.20 NaN 
11/2/2011 2.25 2.26 1.88 2.40 1.70 1.48 1.32 NaN 
11/3/2011 NaN 2.26 1.94 2.46 1.77 1.58 1.43 NaN 
11/4/2011 NaN 2.12 1.85 2.29 1.67 1.48 1.18 0.70 
11/5/2011 NaN 2.26 1.90 2.36 1.74 1.60 1.21 0.93 
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11/6/2011 NaN 2.50 2.16 2.60 1.95 1.94 1.42 1.20 
11/7/2011 NaN 2.48 2.13 2.58 1.95 1.89 1.49 1.21 
11/8/2011 NaN 2.59 2.22 2.71 2.10 1.92 1.73 1.35 
11/9/2011 NaN 2.56 2.25 2.72 2.08 1.90 1.75 1.40 
11/10/2011 NaN 2.38 2.28 2.65 1.89 1.97 1.32 1.30 
11/11/2011 NaN 2.22 1.89 2.43 1.71 1.48 1.28 0.78 
11/12/2011 NaN 2.06 1.66 2.44 1.53 1.19 1.35 0.79 
11/13/2011 NaN 2.34 1.97 2.54 1.83 1.56 1.52 0.95 
11/14/2011 NaN 2.56 2.19 2.74 2.08 1.83 1.73 1.19 
11/15/2011 NaN 2.62 2.27 2.79 2.14 1.93 1.81 1.33 
11/16/2011 NaN 2.57 2.20 2.78 2.14 1.78 1.96 NaN 
11/17/2011 NaN 2.32 2.11 2.56 1.79 1.80 1.35 1.25 
11/18/2011 NaN 2.45 2.13 2.60 1.91 1.89 1.42 1.16 
11/19/2011 NaN 2.45 2.17 2.61 1.96 1.98 1.57 1.19 
11/20/2011 NaN 2.53 2.23 2.68 2.05 2.00 1.71 1.30 
11/21/2011 NaN 2.43 2.10 2.57 1.97 1.81 1.63 1.22 
11/22/2011 NaN 2.61 2.22 2.75 2.17 1.86 1.91 1.36 
11/23/2011 NaN 2.37 2.09 2.57 1.83 1.76 1.49 1.35 
11/24/2011 NaN 2.50 2.18 2.66 1.92 1.87 1.42 1.33 
11/25/2011 NaN 2.49 2.05 2.72 1.86 1.64 1.55 1.22 
11/26/2011 NaN 2.83 2.38 3.01 2.25 1.97 1.96 1.59 
11/27/2011 NaN 2.55 2.27 2.82 2.10 1.85 1.93 1.40 
11/28/2011 NaN 2.26 1.98 2.62 1.85 1.41 1.70 0.54 
11/29/2011 NaN 2.06 1.72 2.42 1.60 1.02 1.44 0.36 
11/30/2011 NaN 2.08 1.83 2.38 1.54 1.35 1.16 0.72 
12/1/2011 NaN 2.14 1.85 2.41 1.59 1.39 1.14 0.72 
12/2/2011 NaN 2.24 1.95 2.52 1.69 1.51 1.22 0.87 
12/3/2011 NaN 2.55 2.12 2.76 1.96 1.67 1.50 NaN 
12/4/2011 NaN 2.72 2.31 2.94 2.15 1.95 1.76 NaN 
12/5/2011 NaN 2.77 2.42 3.03 2.24 2.03 1.95 NaN 
12/6/2011 NaN 2.53 2.32 2.85 2.02 1.88 1.74 1.53 
12/7/2011 NaN 2.09 1.94 2.55 1.67 1.25 1.44 0.83 
12/8/2011 NaN 2.19 1.89 2.55 1.67 1.25 1.23 0.67 
12/9/2011 NaN 2.14 1.85 2.54 1.54 1.18 1.19 0.73 
12/10/2011 NaN 2.23 2.11 2.62 1.67 1.57 1.11 0.68 
12/11/2011 NaN 2.26 2.09 2.71 1.68 1.50 1.14 0.86 
12/12/2011 NaN 2.33 2.14 2.78 1.76 1.57 1.25 0.86 
12/13/2011 NaN 2.32 2.14 2.81 1.77 1.51 1.29 0.97 
12/14/2011 NaN 2.40 2.20 2.89 1.85 1.48 1.47 1.08 
12/15/2011 NaN 2.46 2.28 2.97 1.97 1.57 1.60 1.08 
12/16/2011 NaN 2.46 2.34 3.00 1.98 1.66 1.64 1.15 
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12/17/2011 NaN 2.39 2.38 2.95 1.91 1.75 1.40 1.08 
12/18/2011 NaN 2.40 2.33 2.95 1.88 1.69 1.34 1.07 
12/19/2011 NaN 2.56 2.31 3.01 1.98 1.56 1.63 1.10 
12/20/2011 NaN 2.85 2.55 3.20 2.22 1.94 1.84 1.29 
12/21/2011 NaN 2.98 2.68 3.32 2.36 2.05 2.03 1.46 
12/22/2011 NaN 3.04 2.71 3.39 2.43 2.03 2.11 1.47 
12/23/2011 NaN 2.82 2.55 3.17 2.07 1.89 1.61 1.43 
12/24/2011 NaN 2.82 2.51 3.16 2.05 1.84 1.47 1.40 
12/25/2011 NaN 2.79 2.45 3.14 2.05 1.73 1.56 1.34 
12/26/2011 NaN 2.86 2.51 3.21 2.14 1.78 1.67 1.22 
12/27/2011 NaN 2.71 2.31 3.11 1.98 1.20 1.91 0.79 
12/28/2011 NaN 2.62 2.23 2.97 1.78 1.37 1.40 0.67 
12/29/2011 NaN 2.67 2.27 3.00 1.84 1.43 1.44 0.89 
12/30/2011 NaN 2.74 2.35 3.05 1.95 1.55 1.65 0.95 
12/31/2011 NaN 2.62 2.22 2.95 1.82 1.36 1.52 0.90 
1/1/2012 NaN 2.57 2.16 2.89 1.74 1.29 1.47 0.92 
1/2/2012 NaN 2.46 2.24 2.76 1.65 1.44 1.13 0.69 
1/3/2012 NaN 2.26 1.90 2.59 1.43 0.89 1.00 0.38 
1/4/2012 NaN 2.26 1.84 2.60 1.47 0.79 1.22 0.36 
1/5/2012 NaN 2.23 1.81 2.57 1.45 0.77 1.25 0.35 
1/6/2012 NaN 2.35 1.94 2.68 1.60 0.97 1.47 0.64 
1/7/2012 NaN 2.34 1.95 2.66 1.57 1.04 1.37 0.65 
1/8/2012 NaN 2.45 2.04 2.74 1.67 1.20 1.41 0.80 
1/9/2012 NaN 2.42 2.02 2.70 1.67 1.20 1.35 0.76 
1/10/2012 NaN 2.63 2.19 2.89 1.89 1.46 1.51 0.97 
1/11/2012 NaN 2.49 2.08 2.84 1.90 1.01 2.03 0.73 
1/12/2012 NaN 2.31 1.97 2.62 1.63 1.08 1.47 0.63 
1/13/2012 NaN 2.16 1.86 2.44 1.39 1.11 1.05 0.30 
1/14/2012 NaN 2.05 1.67 2.33 1.29 0.83 0.97 0.17 
1/15/2012 NaN 2.00 1.61 2.26 1.27 0.72 1.00 0.22 
1/16/2012 NaN 2.09 1.70 2.32 1.44 0.98 1.15 0.44 
1/17/2012 NaN 2.30 1.90 2.49 1.71 1.29 1.41 0.66 
1/18/2012 NaN 2.34 2.06 2.49 1.67 1.56 1.28 0.90 
1/19/2012 NaN 2.38 1.95 2.72 1.77 1.36 1.40 0.75 
1/20/2012 NaN 2.31 1.87 2.67 1.70 1.24 1.49 0.77 
1/21/2012 NaN 2.18 1.76 2.60 1.58 1.13 1.38 0.76 
1/22/2012 NaN 2.26 1.84 2.63 1.65 1.25 1.41 0.79 
1/23/2012 NaN 2.20 1.78 2.46 1.59 1.18 1.41 0.87 
1/24/2012 NaN 2.25 1.91 2.43 1.59 1.51 1.21 1.05 
1/25/2012 2.36 2.45 1.98 2.53 1.82 1.51 1.39 0.99 
1/26/2012 2.14 2.45 1.98 2.59 1.87 1.44 1.77 1.09 
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1/27/2012 1.82 2.20 1.82 2.33 1.57 1.25 1.32 0.64 
1/28/2012 1.68 2.06 1.65 2.21 1.38 1.06 1.08 0.56 
1/29/2012 1.60 2.01 1.73 2.15 1.29 1.26 0.78 0.50 
1/30/2012 1.82 2.15 1.72 2.37 1.49 1.10 1.07 0.51 
1/31/2012 1.81 2.18 1.77 2.36 1.51 1.15 1.15 0.59 
2/1/2012 2.03 2.40 1.99 2.58 1.73 1.42 1.38 0.75 
2/2/2012 1.97 2.37 1.96 2.56 1.65 1.35 1.28 0.77 
2/3/2012 2.18 2.54 2.12 2.73 1.85 1.54 1.42 0.99 
2/4/2012 2.03 2.46 2.07 2.69 1.74 1.45 1.42 0.90 
2/5/2012 2.08 2.55 2.26 2.77 1.84 1.67 1.44 0.98 
2/6/2012 1.96 2.51 2.19 2.75 1.77 1.58 1.28 0.97 
2/7/2012 2.02 2.52 2.15 2.77 1.76 1.51 1.39 0.96 
2/8/2012 1.87 2.45 2.10 2.71 1.65 1.42 1.27 0.89 
2/9/2012 2.08 2.59 2.27 2.84 1.81 1.67 1.26 1.07 
2/10/2012 2.04 2.59 2.21 2.86 1.81 1.48 1.49 1.03 
2/11/2012 1.74 2.46 2.23 2.74 1.67 1.45 1.20 0.71 
2/12/2012 1.66 2.37 2.10 2.65 1.53 1.28 0.94 0.60 
2/13/2012 1.87 2.42 1.99 2.74 1.65 1.10 1.27 0.58 
2/14/2012 2.02 2.59 2.16 2.90 1.89 1.33 1.64 0.91 
2/15/2012 2.03 2.59 2.19 2.85 1.77 1.50 1.39 0.85 
2/16/2012 2.07 2.63 2.23 2.89 1.84 1.51 1.49 0.86 
2/17/2012 2.07 2.62 2.24 2.87 1.84 1.57 1.42 0.83 
2/18/2012 2.36 2.85 2.41 3.10 2.13 1.73 1.76 1.10 
2/19/2012 1.81 2.55 2.21 2.84 1.79 1.36 1.68 1.09 
2/20/2012 1.87 2.42 2.00 2.63 1.64 1.30 1.13 0.67 
2/21/2012 1.83 2.36 1.92 2.56 1.56 1.20 1.23 0.69 
2/22/2012 2.02 2.43 2.00 2.60 1.72 1.35 1.45 0.60 
2/23/2012 2.07 2.45 1.98 2.64 1.83 1.34 1.69 0.72 
2/24/2012 1.89 2.36 2.05 2.51 1.72 1.51 1.48 1.03 
2/25/2012 1.92 2.35 2.14 2.44 1.56 1.73 0.92 0.91 
2/26/2012 2.12 2.42 2.00 2.49 1.69 1.57 1.15 0.95 
2/27/2012 2.15 2.49 2.13 2.56 1.75 1.77 1.24 0.95 
2/28/2012 1.93 2.27 1.83 2.39 1.61 1.31 1.29 0.82 
2/29/2012 1.94 2.24 1.80 2.40 1.59 1.27 1.32 0.74 
3/1/2012 1.86 2.16 1.72 2.43 1.55 1.12 1.33 0.62 
3/2/2012 1.97 2.27 1.81 2.48 1.69 1.20 1.52 0.65 
3/3/2012 2.04 2.40 2.13 2.59 1.83 1.65 1.45 1.04 
3/4/2012 1.69 2.08 1.70 2.28 1.43 1.16 1.15 0.49 
3/5/2012 1.33 1.74 1.29 2.14 1.10 0.52 1.01 0.24 
3/6/2012 1.58 1.86 1.44 2.32 1.16 0.99 0.97 0.17 
3/7/2012 2.16 2.34 1.86 2.37 1.63 1.50 1.18 0.77 
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3/8/2012 2.34 2.54 2.10 2.61 1.91 1.73 1.56 1.20 
3/9/2012 2.14 2.43 2.10 2.46 1.72 1.78 1.18 1.14 
3/10/2012 2.42 2.70 2.39 2.72 1.99 2.10 1.35 1.48 
3/11/2012 2.33 2.58 2.10 2.64 1.89 1.68 1.54 1.32 
3/12/2012 2.36 2.63 2.20 2.71 1.95 1.78 1.63 1.22 
3/13/2012 2.25 2.55 2.10 2.65 1.90 1.56 1.63 1.20 
3/14/2012 2.11 2.43 1.99 2.54 1.75 1.44 1.44 0.96 
3/15/2012 2.07 2.43 1.98 2.55 1.74 1.38 1.42 0.93 
3/16/2012 2.01 2.40 1.95 2.55 1.71 1.30 1.40 0.88 
3/17/2012 2.05 2.46 2.00 2.63 1.76 1.33 1.48 0.93 
3/18/2012 1.98 2.42 1.96 2.62 1.70 1.25 1.42 0.99 
3/19/2012 2.20 2.57 2.09 2.76 1.86 1.43 1.51 1.10 
3/20/2012 2.72 2.98 2.40 3.11 2.17 1.81 1.77 1.52 
3/21/2012 2.76 3.09 2.53 3.26 2.23 2.00 1.91 1.84 
3/22/2012 2.37 2.78 2.47 3.00 2.02 1.98 1.72 1.33 
3/23/2012 2.33 2.76 2.35 2.98 2.08 1.74 1.75 1.21 
3/24/2012 2.22 2.70 2.27 2.93 2.01 1.59 1.82 1.25 
3/25/2012 2.21 2.68 2.26 2.87 1.91 1.60 1.63 1.10 
3/26/2012 2.02 2.54 2.09 2.77 1.76 1.34 1.51 0.89 
3/27/2012 2.01 2.53 2.05 2.75 1.72 1.27 1.49 0.88 
3/28/2012 2.02 2.53 2.03 2.75 1.73 1.28 1.44 0.91 
3/29/2012 2.24 2.67 2.22 2.89 1.90 1.59 1.58 1.07 
3/30/2012 2.40 2.82 2.37 3.02 2.09 1.75 1.83 1.19 
3/31/2012 2.23 2.71 2.26 2.94 1.93 1.58 1.78 1.08 
4/1/2012 2.24 2.70 2.23 2.93 1.95 1.50 1.74 1.07 
4/2/2012 2.29 2.72 2.24 2.98 2.01 1.51 1.83 1.14 
4/3/2012 2.31 2.78 2.30 3.00 2.00 1.63 1.74 1.48 
4/4/2012 2.42 2.89 2.53 3.09 2.15 1.98 1.74 1.62 
4/5/2012 2.42 2.86 2.38 3.10 2.13 1.68 1.89 1.35 
4/6/2012 2.26 2.76 2.39 2.99 1.99 1.80 1.60 1.20 
4/7/2012 2.49 2.91 2.44 3.06 2.10 1.90 1.62 1.24 
4/8/2012 2.33 2.79 2.29 2.96 2.01 1.66 1.64 1.27 
4/9/2012 2.25 2.71 2.22 2.90 1.96 1.57 1.73 1.21 
4/10/2012 2.36 2.77 2.27 2.92 2.04 1.68 1.74 1.17 
4/11/2012 2.33 2.71 2.21 2.85 1.99 1.64 1.69 1.12 
4/12/2012 2.53 2.85 2.40 2.93 2.07 2.00 1.53 1.22 
4/13/2012 2.46 2.76 2.20 2.86 2.07 1.66 1.71 1.28 
4/14/2012 2.46 2.72 2.18 2.83 1.99 1.71 1.67 1.32 
4/15/2012 2.64 2.85 2.31 2.97 2.17 1.87 1.95 1.56 
4/16/2012 2.59 2.79 2.26 2.87 2.09 1.87 1.74 1.45 
4/17/2012 2.55 2.80 2.33 2.88 2.11 1.96 1.73 1.60 
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4/18/2012 2.45 2.76 2.45 2.85 2.12 2.17 1.53 1.17 
4/19/2012 2.57 2.82 2.40 2.89 2.19 2.04 1.77 1.26 
4/20/2012 2.52 2.78 2.26 2.86 2.17 1.79 1.85 1.34 
4/21/2012 2.55 2.92 2.46 3.02 2.29 2.04 2.03 1.62 
4/22/2012 2.46 2.83 2.56 2.92 2.25 2.25 1.61 1.19 
4/23/2012 2.10 2.52 2.17 2.63 1.94 1.67 1.38 0.95 
4/24/2012 2.03 2.26 1.89 2.55 1.72 1.29 1.33 0.81 
4/25/2012 1.90 2.03 1.73 NaN 1.66 0.97 1.48 0.64 
4/26/2012 1.77 1.99 1.71 NaN 1.67 0.89 1.71 0.74 
4/27/2012 1.76 1.92 1.67 NaN 1.49 1.03 1.44 0.75 
4/28/2012 1.92 2.04 1.78 NaN 1.66 1.18 1.48 0.95 
4/29/2012 1.93 2.03 1.77 NaN 1.60 1.21 1.28 1.00 
4/30/2012 2.01 2.08 1.83 NaN 1.64 1.31 1.31 1.01 
5/1/2012 2.22 2.21 1.96 NaN 1.77 1.54 1.25 1.08 
5/2/2012 2.54 2.49 2.24 NaN 2.05 1.85 1.61 1.29 
5/3/2012 2.44 2.48 2.28 NaN 2.03 1.92 1.65 1.26 
5/4/2012 2.38 2.43 2.25 NaN 2.02 1.90 1.59 1.19 
5/5/2012 2.37 2.44 2.21 NaN 2.03 1.76 1.68 1.20 
5/6/2012 2.41 2.50 2.24 NaN 2.09 1.77 1.73 1.27 
5/7/2012 2.55 2.62 2.35 NaN 2.19 1.87 1.80 1.34 
5/8/2012 2.53 2.62 2.33 NaN 2.17 1.83 1.76 1.37 
5/9/2012 2.41 2.52 2.29 NaN 2.10 1.85 1.74 1.23 
5/10/2012 2.62 2.68 2.44 NaN 2.21 2.02 1.60 1.28 
5/11/2012 2.73 2.74 2.40 NaN 2.25 1.89 1.81 1.56 
5/12/2012 2.32 2.43 2.15 NaN 2.05 1.57 1.83 1.47 
5/13/2012 2.19 2.30 2.11 NaN 1.88 1.65 1.61 1.12 
5/14/2012 2.44 2.49 2.32 NaN 2.03 1.91 1.61 1.11 
5/15/2012 2.47 2.53 2.30 NaN 2.08 1.82 1.69 1.14 
5/16/2012 2.48 2.55 2.33 NaN 2.10 1.88 1.68 1.20 
5/17/2012 2.43 2.54 2.34 NaN 2.08 1.87 1.65 1.20 
5/18/2012 2.44 2.53 2.28 NaN 2.08 1.77 1.67 1.17 
5/19/2012 2.36 2.46 2.20 NaN 1.99 1.69 1.58 1.25 
5/20/2012 2.33 2.47 2.21 NaN 1.98 1.66 1.59 1.30 
5/21/2012 2.13 2.30 2.05 NaN 1.82 1.45 1.55 1.05 
5/22/2012 2.11 2.27 2.01 2.64 1.80 1.42 1.53 0.86 
5/23/2012 2.18 2.34 2.06 2.70 1.89 1.47 1.69 0.87 
5/24/2012 2.21 2.36 2.06 2.72 1.88 1.44 1.74 0.97 
5/25/2012 2.07 2.21 1.94 2.56 1.73 1.41 1.52 1.07 
5/26/2012 2.11 2.21 1.95 2.51 1.72 1.47 1.35 0.99 
5/27/2012 2.32 2.37 2.13 2.64 1.93 1.67 1.53 1.03 
5/28/2012 2.26 2.31 2.10 2.61 1.89 1.68 1.55 0.84 
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5/29/2012 2.06 2.16 1.93 2.50 1.77 1.40 1.53 0.61 
5/30/2012 2.06 2.11 1.85 2.41 1.70 1.29 1.45 0.56 
5/31/2012 2.02 2.11 1.83 2.44 1.71 1.22 1.55 0.80 
6/1/2012 1.98 2.13 1.89 2.59 1.73 1.33 1.71 0.86 
6/2/2012 2.15 2.22 1.97 2.66 1.75 1.54 1.61 0.92 
6/3/2012 2.08 2.17 1.86 2.71 1.75 1.29 1.73 0.86 
6/4/2012 1.99 2.10 1.82 2.67 1.73 1.23 1.81 0.83 
6/5/2012 2.26 2.33 2.02 2.71 1.97 1.40 1.83 0.99 
6/6/2012 2.19 2.24 1.96 2.62 1.86 1.43 1.77 1.07 
6/7/2012 2.36 2.36 2.10 2.65 1.94 1.66 1.63 1.14 
6/8/2012 2.57 2.48 2.23 2.65 2.03 1.88 1.56 1.16 
6/9/2012 2.66 2.58 2.33 2.79 2.21 1.95 1.91 1.31 
6/10/2012 2.50 2.43 2.15 2.70 2.14 1.62 2.01 1.14 
6/11/2012 2.24 2.19 1.94 2.45 1.89 1.45 1.67 1.03 
6/12/2012 2.18 2.15 1.93 2.39 1.77 1.52 1.41 0.99 
6/13/2012 2.24 2.23 1.98 2.45 1.87 1.54 1.52 0.98 
6/14/2012 2.21 2.19 1.97 2.42 1.82 1.57 1.44 0.88 
6/15/2012 2.61 2.54 2.32 2.69 2.09 2.01 1.48 1.08 
6/16/2012 2.95 2.90 2.66 3.02 2.36 2.39 1.63 1.63 
6/17/2012 2.84 2.82 2.54 3.03 2.32 2.18 1.97 1.77 
6/18/2012 2.92 2.86 2.55 3.05 2.39 2.13 2.05 1.79 
6/19/2012 2.79 2.81 2.52 2.99 2.33 2.15 1.92 1.82 
6/20/2012 2.85 2.93 2.68 3.09 2.45 2.35 1.95 1.85 
6/21/2012 2.96 3.08 2.89 3.24 2.60 2.61 1.96 1.94 
6/22/2012 3.18 3.29 3.08 3.42 2.78 2.80 2.15 2.08 
6/23/2012 3.34 3.43 3.24 3.56 2.95 2.96 2.31 2.29 
6/24/2012 3.42 3.60 3.63 3.83 3.14 3.66 2.40 2.26 
6/25/2012 3.55 3.70 3.72 3.97 3.35 3.62 2.92 2.51 
6/26/2012 3.23 3.29 3.14 3.51 2.96 2.86 2.60 2.18 
6/27/2012 3.03 3.05 2.82 3.21 2.68 2.48 2.28 1.81 
6/28/2012 2.55 2.64 2.36 2.87 2.27 1.91 2.03 1.66 
6/29/2012 2.41 2.50 2.21 2.73 2.14 1.74 1.87 1.44 
6/30/2012 2.31 2.45 2.17 2.72 2.10 1.70 1.88 1.37 
7/1/2012 2.17 2.37 2.10 2.75 2.00 1.62 1.97 1.36 
7/2/2012 2.09 2.27 2.03 2.59 1.88 1.59 1.89 1.19 
7/3/2012 2.28 2.42 2.17 2.71 2.03 1.74 1.96 1.22 
7/4/2012 2.31 2.43 2.17 2.69 2.07 1.72 1.83 1.21 
7/5/2012 2.35 2.46 2.20 2.66 2.10 1.76 1.81 1.24 
7/6/2012 2.35 2.43 2.19 2.62 2.11 1.76 1.75 1.28 
7/7/2012 2.39 2.45 2.19 2.61 2.12 1.78 1.78 1.24 
7/8/2012 2.23 2.30 2.04 2.47 2.00 1.64 1.67 1.10 
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7/9/2012 2.22 2.29 2.05 2.47 2.01 1.63 1.71 1.12 
7/10/2012 2.10 2.19 1.96 2.38 1.88 1.53 1.61 1.03 
7/11/2012 2.11 2.20 1.96 2.38 1.87 1.56 1.55 1.05 
7/12/2012 2.20 2.28 2.02 2.46 1.94 1.59 1.63 1.13 
7/13/2012 2.17 2.28 2.05 2.49 1.93 1.62 1.62 1.18 
7/14/2012 2.32 2.43 2.21 2.62 2.04 1.84 1.66 1.21 
7/15/2012 2.38 2.46 2.21 2.66 2.08 1.83 1.66 1.18 
7/16/2012 2.36 2.45 2.18 2.63 2.06 1.76 1.68 1.21 
7/17/2012 2.34 2.45 2.18 2.63 2.07 1.72 1.74 1.25 
7/18/2012 2.29 2.40 2.15 2.59 2.00 1.73 1.69 1.18 
7/19/2012 2.27 2.37 2.11 2.57 2.01 1.68 1.68 1.06 
7/20/2012 2.18 2.29 2.04 2.54 2.01 1.56 1.82 1.00 
7/21/2012 2.21 2.28 2.07 2.51 1.98 1.66 1.76 1.04 
7/22/2012 2.50 2.50 2.27 2.64 2.12 1.91 1.81 1.25 
7/23/2012 2.51 2.54 2.31 2.68 2.17 1.99 1.75 1.34 
7/24/2012 2.53 2.50 2.30 2.65 2.18 1.99 1.76 1.23 
7/25/2012 2.65 2.55 2.33 2.70 2.25 2.01 1.87 1.21 
7/26/2012 2.62 2.53 2.29 2.70 2.25 1.91 1.89 1.21 
7/27/2012 2.50 2.48 2.25 2.70 2.18 1.85 1.91 1.36 
7/28/2012 2.38 2.36 2.12 2.58 2.04 1.75 1.76 1.20 
7/29/2012 2.34 2.31 2.06 2.56 1.98 1.67 1.78 1.11 
7/30/2012 2.38 2.37 2.10 2.62 2.05 1.68 1.87 1.14 
7/31/2012 2.31 2.28 2.03 2.55 1.95 1.63 1.83 1.09 
8/1/2012 2.35 2.32 2.04 2.54 2.00 1.63 1.77 1.08 
8/2/2012 2.35 2.29 2.06 2.48 1.98 1.71 1.73 1.09 
8/3/2012 2.42 2.34 2.10 2.51 2.04 1.77 1.72 1.15 
8/4/2012 2.50 2.39 2.17 2.53 2.06 1.91 1.67 1.21 
8/5/2012 2.48 2.36 2.12 2.50 2.04 1.88 1.58 1.19 
8/6/2012 2.50 2.38 2.14 2.51 2.07 1.87 1.61 1.17 
8/7/2012 2.59 2.48 2.23 2.61 2.16 1.95 1.72 1.26 
8/8/2012 2.58 2.48 2.23 2.64 2.17 1.93 1.78 1.33 
8/9/2012 2.42 2.37 2.13 2.57 2.12 1.76 1.79 1.26 
8/10/2012 2.37 2.34 2.10 2.59 2.14 1.66 1.88 1.21 
8/11/2012 2.33 2.31 2.07 2.56 2.07 1.67 1.82 1.17 
8/12/2012 2.39 2.33 2.10 2.56 2.06 1.74 1.70 1.18 
8/13/2012 2.37 2.33 2.08 2.56 2.07 1.70 1.78 1.20 
8/14/2012 2.24 2.22 1.96 2.49 1.99 1.53 1.77 1.08 
8/15/2012 2.35 2.28 2.03 2.50 1.99 1.67 1.74 1.13 
8/16/2012 2.38 2.30 2.03 2.48 1.98 1.69 1.71 1.18 
8/17/2012 2.43 2.35 2.12 2.53 2.04 1.81 1.75 1.26 
8/18/2012 2.54 2.46 2.22 2.65 2.18 1.87 1.91 1.40 
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8/19/2012 2.49 2.36 2.12 2.56 2.10 1.80 1.83 1.25 
8/20/2012 2.53 2.41 2.17 2.61 2.14 1.85 1.83 1.37 
8/21/2012 2.54 2.42 2.23 2.57 2.08 2.02 1.63 1.30 
8/22/2012 2.64 2.50 2.28 2.64 2.18 2.05 1.64 1.26 
8/23/2012 2.56 2.44 2.19 2.60 2.13 1.91 1.68 1.28 
8/24/2012 2.58 2.46 2.19 2.61 2.13 1.90 1.72 1.32 
8/25/2012 2.73 2.60 2.33 2.74 2.23 2.05 1.77 1.54 
8/26/2012 2.78 2.69 2.47 2.84 2.32 2.22 1.81 1.67 
8/27/2012 2.83 2.90 2.82 3.04 2.55 2.72 1.76 1.75 
8/28/2012 5.34 5.56 5.81 5.58 3.76 4.74 2.06 3.16 
8/29/2012 4.91 5.35 4.65 5.75 4.10 2.92 5.12 4.25 
8/30/2012 3.75 NaN 3.17 3.75 3.20 2.78 NaN 2.64 
8/31/2012 3.07 NaN 2.62 3.10 2.65 2.24 NaN 2.10 
9/1/2012 2.65 NaN 2.27 2.67 2.22 1.96 NaN 1.66 
9/2/2012 2.66 NaN 2.25 2.65 2.26 1.90 NaN 1.40 
9/3/2012 2.57 NaN 2.25 2.61 2.21 1.91 NaN 1.36 
9/4/2012 2.48 NaN 2.14 2.54 2.18 1.74 NaN 1.15 
9/5/2012 2.37 NaN 2.09 2.47 2.11 1.66 NaN 1.13 
9/6/2012 2.64 NaN 2.35 2.62 2.13 2.17 NaN 1.21 
9/7/2012 2.92 NaN 2.53 2.88 2.40 2.32 NaN 1.55 
9/8/2012 2.84 NaN 2.57 2.86 2.44 2.34 NaN 1.58 
9/9/2012 2.88 NaN 2.66 2.92 2.45 2.48 NaN 1.54 
9/10/2012 2.75 NaN 2.43 2.77 2.31 2.21 NaN 1.54 
9/11/2012 2.76 NaN 2.40 2.77 2.28 2.19 NaN 1.56 
9/12/2012 2.99 NaN 2.65 2.96 2.46 2.53 NaN 1.55 
9/13/2012 3.12 NaN 2.77 3.11 2.59 2.62 NaN 1.89 
9/14/2012 3.27 NaN 2.96 3.25 2.75 2.81 NaN 2.03 
9/15/2012 2.98 NaN 2.71 2.99 2.53 2.54 NaN 1.84 
9/16/2012 3.04 NaN 2.68 3.03 2.59 2.48 NaN 1.79 
9/17/2012 3.11 NaN 2.68 3.11 2.72 2.37 NaN 1.77 
9/18/2012 2.82 NaN 2.57 2.84 2.52 2.24 NaN 1.63 
9/19/2012 2.75 2.62 2.51 2.82 2.32 2.23 NaN 1.58 
9/20/2012 2.49 2.51 2.20 2.60 2.08 1.87 NaN 1.43 
9/21/2012 2.55 2.58 2.25 2.67 2.14 1.91 NaN 1.55 
9/22/2012 2.30 2.36 2.04 2.69 1.95 1.68 NaN 1.34 
9/23/2012 2.36 2.41 2.07 2.63 1.98 1.74 NaN 1.27 
9/24/2012 2.28 2.33 2.00 2.57 1.92 1.67 NaN 1.22 
9/25/2012 2.46 2.47 2.11 2.54 2.02 1.83 NaN 1.32 
9/26/2012 2.52 2.52 2.19 2.59 2.07 1.93 NaN 1.36 
9/27/2012 2.55 2.53 2.20 2.61 2.12 1.94 NaN 1.37 
9/28/2012 2.56 2.54 2.19 2.62 2.15 1.90 NaN 1.41 
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9/29/2012 2.47 2.46 2.12 2.53 2.09 1.86 NaN 1.35 
9/30/2012 2.65 2.63 2.23 2.79 2.34 1.81 NaN 1.37 
10/1/2012 2.16 2.29 2.04 2.43 2.16 1.54 NaN 1.21 
10/2/2012 2.24 2.29 2.03 2.44 1.89 1.76 NaN 0.99 
10/3/2012 2.35 2.38 2.05 2.46 1.89 1.77 NaN 1.18 
10/4/2012 2.32 2.38 2.07 2.46 1.90 1.80 NaN 1.11 
10/5/2012 2.40 2.46 2.17 2.54 2.03 1.88 NaN 1.16 
10/6/2012 2.40 2.46 2.15 2.54 2.03 1.83 NaN 1.19 
10/7/2012 2.46 2.56 2.31 2.63 2.11 2.00 NaN 1.38 
10/8/2012 2.56 2.63 2.37 2.70 2.20 2.07 1.34 1.31 
10/9/2012 2.41 2.42 2.13 2.52 2.01 1.81 1.44 1.15 
10/10/2012 2.45 2.39 2.10 2.49 2.02 1.79 1.48 1.20 
10/11/2012 2.38 2.30 1.99 2.39 1.91 1.70 1.38 1.12 
10/12/2012 2.46 2.38 2.08 2.48 1.99 1.79 1.50 1.26 
10/13/2012 2.50 2.41 2.09 2.50 2.04 1.80 1.62 1.26 
10/14/2012 2.58 2.48 2.16 2.57 2.13 1.92 1.68 1.28 
10/15/2012 2.47 2.42 2.17 2.50 2.09 1.88 1.64 1.22 
10/16/2012 2.78 2.73 2.44 2.80 2.29 2.21 1.65 1.39 
10/17/2012 2.75 2.67 2.30 2.79 2.31 1.94 1.95 1.49 
10/18/2012 2.67 2.65 2.39 2.74 2.25 2.12 1.87 1.56 
10/19/2012 2.69 2.67 2.42 2.85 2.30 2.15 1.77 1.39 
10/20/2012 2.60 2.58 2.29 2.75 2.19 2.01 1.75 1.31 
10/21/2012 2.61 2.55 2.26 2.65 2.14 2.01 1.66 1.40 
10/22/2012 2.73 2.65 2.36 2.74 2.24 2.17 1.68 1.39 
10/23/2012 2.93 2.84 2.56 2.93 2.42 2.41 1.87 1.59 
10/24/2012 2.98 2.89 2.60 2.96 2.46 2.38 1.90 1.69 
10/25/2012 2.99 2.92 2.63 2.99 2.52 2.39 2.01 1.74 
10/26/2012 2.88 2.82 2.57 2.89 2.45 2.31 1.94 1.61 
10/27/2012 2.44 2.51 2.38 2.54 2.21 2.05 1.61 1.44 
10/28/2012 2.25 2.31 2.24 2.35 2.08 1.89 1.46 0.98 
10/29/2012 2.17 2.17 2.06 2.47 1.96 1.73 1.49 0.84 
10/30/2012 2.08 2.06 1.82 2.37 1.83 1.37 1.46 0.70 
10/31/2012 1.87 1.87 1.60 2.42 1.63 1.14 1.52 0.57 
 
 
D.5.6. Tide stations 41-48 Data 
 
CRMS 
0171 
-H01 
CRMS 
0172 
-H01 
CRMS 
0173 
-H01 
CRMS 
0174 
-H01 
CRMS 
0176 
-H01 
CRMS 
0178 
-H01 
CRMS 
0179 
-H01 
CRMS 
0181 
-H01 
 -89.79 -89.74 -89.73 -89.77 -89.80 -90.05 -89.70 -89.70 
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  29.32 29.31 29.45 29.40 29.41 29.29 29.40 29.34 
11/1/2011 0.95 0.94 0.72 0.88 0.94 0.66 0.68 0.82 
11/2/2011 1.18 1.15 1.01 1.16 1.21 0.90 0.95 1.05 
11/3/2011 1.16 1.19 0.97 1.10 1.12 0.60 0.95 1.02 
11/4/2011 0.92 0.93 0.57 0.79 0.78 0.42 0.59 0.75 
11/5/2011 1.03 1.00 0.72 0.92 NaN 0.68 0.73 0.89 
11/6/2011 1.26 1.25 1.00 1.19 NaN 0.96 0.99 1.15 
11/7/2011 1.39 1.35 1.16 1.35 NaN 1.06 1.13 1.25 
11/8/2011 1.59 1.56 1.45 1.61 NaN 1.20 1.41 1.48 
11/9/2011 1.58 1.60 1.40 1.54 NaN 1.11 1.35 1.46 
11/10/2011 0.92 1.05 0.51 0.69 NaN 0.56 0.26 0.69 
11/11/2011 1.01 1.01 0.74 0.96 NaN 0.58 0.75 0.89 
11/12/2011 1.00 0.98 0.84 0.99 NaN 0.66 0.80 0.91 
11/13/2011 1.26 1.24 1.10 1.27 NaN 0.80 1.08 1.17 
11/14/2011 1.49 1.47 1.38 1.51 NaN 1.01 1.33 1.40 
11/15/2011 1.62 1.59 1.55 1.66 NaN 1.16 1.49 1.52 
11/16/2011 1.71 1.72 1.78 1.84 NaN 1.16 1.69 1.66 
11/17/2011 1.07 1.16 0.66 0.83 NaN 0.71 0.65 0.89 
11/18/2011 1.25 1.22 0.94 1.14 NaN 0.96 0.99 1.11 
11/19/2011 1.39 1.37 1.21 1.36 NaN 1.00 1.23 1.28 
11/20/2011 1.53 1.52 1.37 1.51 NaN 1.09 1.39 1.42 
11/21/2011 1.45 1.42 1.28 1.43 NaN 1.04 1.30 1.34 
11/22/2011 1.70 1.67 1.60 1.72 NaN 1.20 1.61 1.59 
11/23/2011 1.28 1.33 1.03 1.15 NaN 0.87 1.00 1.13 
11/24/2011 1.22 1.21 0.86 1.08 NaN 0.96 0.89 1.05 
11/25/2011 1.28 1.24 1.09 1.26 NaN 0.98 1.09 1.15 
11/26/2011 1.81 1.77 1.75 1.87 NaN 1.45 1.72 1.70 
11/27/2011 1.58 1.65 1.41 1.52 NaN 0.88 1.39 1.40 
11/28/2011 1.20 1.27 0.99 1.15 NaN 0.34 1.07 1.06 
11/29/2011 0.98 1.06 0.85 0.97 NaN 0.29 0.91 0.88 
11/30/2011 0.83 0.83 0.58 0.76 NaN 0.40 0.61 0.70 
12/1/2011 0.85 0.85 0.62 0.78 NaN 0.51 0.63 0.72 
12/2/2011 0.97 0.99 0.67 0.86 NaN 0.59 0.70 0.83 
12/3/2011 1.30 1.27 1.12 1.28 NaN 0.93 1.13 1.20 
12/4/2011 1.62 1.59 1.50 1.64 NaN 1.26 1.48 1.52 
12/5/2011 1.79 1.78 1.72 1.84 NaN 1.34 1.69 1.68 
12/6/2011 1.46 1.50 1.24 1.40 NaN 0.94 1.26 1.33 
12/7/2011 0.96 1.11 0.59 0.79 NaN 0.28 0.70 0.79 
12/8/2011 0.82 0.89 0.50 0.72 NaN 0.42 0.55 0.68 
12/9/2011 0.80 0.94 0.60 0.73 NaN 0.40 0.59 0.67 
12/10/2011 0.64 0.90 0.41 0.50 NaN 0.25 0.16 0.42 
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12/11/2011 0.67 0.91 0.32 0.50 NaN 0.36 0.26 0.48 
12/12/2011 0.81 0.95 0.50 0.69 NaN 0.51 0.51 0.67 
12/13/2011 0.90 0.94 0.60 0.79 NaN 0.65 0.59 0.77 
12/14/2011 1.15 1.18 1.01 1.14 NaN 0.78 0.98 1.05 
12/15/2011 1.33 1.32 1.23 1.33 NaN 0.88 1.19 1.23 
12/16/2011 1.40 1.36 1.28 1.39 NaN 0.91 1.24 1.28 
12/17/2011 1.10 1.10 0.73 0.92 NaN 0.66 0.73 0.93 
12/18/2011 1.09 1.04 0.75 0.95 NaN 0.76 0.75 0.92 
12/19/2011 1.35 1.28 1.13 1.29 NaN 0.93 1.12 1.22 
12/20/2011 1.60 1.56 1.46 1.60 NaN 1.10 1.43 1.49 
12/21/2011 1.75 1.74 1.67 1.77 NaN 1.25 1.62 1.68 
12/22/2011 1.81 1.78 1.65 1.79 NaN 1.30 1.62 1.69 
12/23/2011 1.29 1.34 1.02 1.14 NaN 0.96 0.93 1.14 
12/24/2011 1.19 1.15 0.80 1.01 NaN 0.96 0.77 0.98 
12/25/2011 1.22 1.21 0.86 1.08 NaN 0.96 0.86 1.06 
12/26/2011 1.34 1.32 1.09 1.30 NaN 0.88 1.09 1.19 
12/27/2011 1.26 1.37 1.15 1.22 NaN 0.39 1.15 1.16 
12/28/2011 0.92 0.91 0.71 0.87 NaN 0.46 0.71 0.82 
12/29/2011 1.08 1.07 0.93 1.06 NaN 0.65 0.91 0.99 
12/30/2011 1.33 1.34 1.23 1.36 NaN 0.78 1.21 1.25 
12/31/2011 1.22 1.22 1.08 1.22 NaN 0.72 1.06 1.12 
1/1/2012 1.12 1.17 0.95 1.07 NaN 0.62 0.92 1.02 
1/2/2012 0.57 0.72 0.35 0.31 NaN 0.13 0.05 0.32 
1/3/2012 0.42 0.69 0.34 0.40 NaN -0.04 0.00 0.23 
1/4/2012 0.70 0.93 0.57 0.72 NaN 0.23 0.54 0.62 
1/5/2012 0.72 1.05 0.62 0.75 NaN 0.16 0.57 0.64 
1/6/2012 1.05 1.11 0.93 1.07 NaN 0.51 0.89 0.96 
1/7/2012 0.96 1.15 0.87 1.00 NaN 0.48 0.80 0.86 
1/8/2012 1.06 1.08 1.02 1.11 NaN 0.59 0.92 0.96 
1/9/2012 0.99 1.07 0.90 1.04 NaN 0.58 0.82 0.87 
1/10/2012 1.27 1.24 1.21 1.37 NaN 0.89 1.13 1.16 
1/11/2012 1.40 1.53 1.49 1.52 NaN 0.48 1.44 1.33 
1/12/2012 0.93 1.05 0.71 0.89 NaN 0.21 0.73 0.80 
1/13/2012 0.49 0.58 0.21 0.41 NaN -0.01 0.22 0.36 
1/14/2012 0.48 0.55 0.35 0.50 NaN -0.06 0.32 0.39 
1/15/2012 0.53 0.59 0.38 0.55 NaN 0.05 0.36 0.45 
1/16/2012 0.78 0.79 0.70 0.83 NaN 0.33 0.65 0.71 
1/17/2012 1.13 1.10 1.06 1.20 NaN 0.60 1.02 1.05 
1/18/2012 0.99 1.03 0.69 0.87 NaN 0.56 0.65 0.85 
1/19/2012 1.05 1.21 0.88 1.07 NaN 0.60 0.86 0.94 
1/20/2012 1.17 1.19 1.13 1.25 NaN 0.67 1.07 1.09 
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1/21/2012 1.11 1.10 1.09 1.16 NaN 0.60 1.00 1.02 
1/22/2012 1.15 1.10 1.13 1.23 NaN 0.69 1.04 1.04 
1/23/2012 1.20 1.18 1.20 1.26 NaN 0.70 1.10 1.11 
1/24/2012 1.01 0.99 0.76 0.91 NaN 0.74 0.69 0.86 
1/25/2012 1.20 1.14 1.14 1.25 NaN 0.88 1.06 1.09 
1/26/2012 1.48 1.51 1.49 1.58 NaN 0.80 1.44 1.37 
1/27/2012 0.92 0.96 0.69 0.86 NaN 0.40 0.70 0.79 
1/28/2012 0.74 0.76 0.54 0.69 NaN 0.29 0.52 0.63 
1/29/2012 0.35 0.38 -0.01 0.21 NaN 0.09 -0.01 0.19 
1/30/2012 0.72 0.78 0.50 0.68 NaN 0.35 0.50 0.59 
1/31/2012 0.82 0.80 0.65 0.81 NaN 0.40 0.63 0.70 
2/1/2012 1.05 1.04 0.93 1.06 NaN 0.59 0.91 0.96 
2/2/2012 0.97 0.94 0.79 0.94 1.25 0.60 0.77 0.85 
2/3/2012 1.13 1.09 0.94 1.10 1.05 0.79 0.93 0.99 
2/4/2012 1.10 1.07 0.98 1.11 1.06 0.69 0.95 0.97 
2/5/2012 1.08 1.11 0.77 0.96 0.88 0.64 0.77 0.92 
2/6/2012 0.91 0.92 0.53 0.75 0.68 0.62 0.55 0.72 
2/7/2012 1.04 1.04 0.81 0.98 0.90 0.81 0.81 0.91 
2/8/2012 0.91 0.93 0.63 0.79 0.71 0.64 0.61 0.76 
2/9/2012 0.95 0.94 0.61 0.82 0.75 0.83 0.62 0.79 
2/10/2012 1.14 1.12 0.88 1.03 0.94 0.87 0.89 0.98 
2/11/2012 0.60 0.73 0.11 0.35 0.23 0.26 0.17 0.42 
2/12/2012 0.33 0.38 -0.04 0.06 -0.01 0.14 -0.17 0.13 
2/13/2012 0.82 0.88 0.66 0.82 0.73 0.63 0.66 0.72 
2/14/2012 1.29 1.28 1.22 1.32 1.22 0.91 1.19 1.20 
2/15/2012 1.04 1.00 0.90 1.03 0.95 0.81 0.85 0.91 
2/16/2012 1.11 1.10 0.98 1.11 1.02 0.77 0.96 0.99 
2/17/2012 1.01 1.02 0.72 0.91 0.84 0.76 0.71 0.84 
2/18/2012 1.35 1.31 1.17 1.33 1.25 1.16 1.16 1.23 
2/19/2012 1.14 1.26 1.02 1.12 0.97 0.62 1.03 1.04 
2/20/2012 0.72 0.80 0.44 0.64 0.57 0.56 0.44 0.56 
2/21/2012 0.87 0.87 0.77 0.90 0.81 0.59 0.74 0.78 
2/22/2012 1.14 1.11 1.07 1.20 1.10 0.71 1.05 1.02 
2/23/2012 1.35 1.35 1.38 1.44 1.32 0.91 1.34 1.28 
2/24/2012 1.08 1.18 0.84 0.97 0.84 0.80 0.82 0.96 
2/25/2012 0.59 0.57 0.11 0.37 0.29 0.55 0.11 0.36 
2/26/2012 0.89 0.86 0.66 0.82 0.75 0.82 0.65 0.76 
2/27/2012 0.95 0.92 0.62 0.82 0.74 0.84 0.64 0.81 
2/28/2012 1.00 0.98 0.87 1.02 0.92 0.77 0.85 0.90 
2/29/2012 1.07 1.03 0.99 1.12 1.02 0.79 0.96 0.95 
3/1/2012 1.08 1.03 1.03 1.14 1.06 0.71 1.00 0.97 
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3/2/2012 1.31 1.25 1.35 1.43 1.31 0.90 1.29 1.21 
3/3/2012 1.18 1.23 0.84 1.02 0.91 0.89 0.85 1.02 
3/4/2012 0.75 0.76 0.50 0.73 0.59 0.25 0.55 0.58 
3/5/2012 0.59 0.72 0.49 0.62 0.49 0.09 0.50 0.52 
3/6/2012 0.45 0.67 0.26 0.37 0.34 0.20 0.20 0.32 
3/7/2012 0.95 0.88 0.81 0.94 0.90 0.80 0.77 0.85 
3/8/2012 1.41 1.36 1.32 1.44 1.39 1.22 1.27 1.30 
3/9/2012 1.04 1.05 0.71 0.87 0.80 0.92 0.67 0.87 
3/10/2012 1.22 1.18 0.81 1.04 1.02 1.27 0.82 1.05 
3/11/2012 1.34 1.31 1.22 1.35 1.27 1.22 1.18 1.24 
3/12/2012 1.43 1.40 1.31 1.43 1.37 1.20 1.26 1.32 
3/13/2012 1.40 1.39 1.30 1.44 1.34 1.11 1.27 1.30 
3/14/2012 1.20 1.17 1.09 1.22 1.14 0.91 1.05 1.09 
3/15/2012 1.15 1.12 1.00 1.16 1.06 0.87 0.98 1.02 
3/16/2012 1.12 1.09 0.97 1.13 1.05 0.81 0.96 0.99 
3/17/2012 1.22 1.17 1.11 1.26 1.18 0.94 1.09 1.09 
3/18/2012 1.20 1.14 1.13 1.24 1.18 0.98 1.08 1.07 
3/19/2012 1.32 1.24 1.24 1.35 1.31 1.13 1.18 1.17 
3/20/2012 1.71 1.61 1.69 1.78 1.76 1.67 1.58 1.56 
3/21/2012 1.93 1.90 2.07 2.07 1.99 1.78 1.90 1.82 
3/22/2012 1.46 1.45 1.25 1.41 1.32 1.09 1.24 1.29 
3/23/2012 1.50 1.48 1.47 1.55 1.47 1.11 1.40 1.37 
3/24/2012 1.52 1.53 1.41 1.52 1.43 1.09 1.39 1.41 
3/25/2012 1.32 1.31 1.14 1.29 1.20 0.88 1.14 1.18 
3/26/2012 1.11 1.10 0.98 1.11 1.02 0.67 0.96 1.01 
3/27/2012 1.14 1.13 1.03 1.16 1.08 0.74 1.01 1.06 
3/28/2012 1.16 1.12 1.05 1.19 1.12 0.82 1.01 1.05 
3/29/2012 1.31 1.29 1.17 1.33 1.27 0.94 1.17 1.20 
3/30/2012 1.53 1.51 1.42 1.58 1.49 1.06 1.43 1.43 
3/31/2012 1.39 1.41 1.34 1.47 1.37 0.86 1.34 1.32 
4/1/2012 1.43 1.41 1.32 1.48 1.39 0.96 1.33 1.35 
4/2/2012 1.59 1.55 1.55 1.67 1.65 1.19 1.51 1.50 
4/3/2012 1.54 1.55 1.47 1.57 1.52 1.26 1.42 1.45 
4/4/2012 1.53 1.55 1.23 1.42 1.35 1.29 1.23 1.38 
4/5/2012 1.55 1.55 1.43 1.58 1.48 1.09 1.44 1.47 
4/6/2012 1.26 1.26 0.99 1.19 1.12 0.87 1.03 1.13 
4/7/2012 1.32 1.31 1.13 1.30 1.24 1.01 1.13 1.23 
4/8/2012 1.37 1.36 1.18 1.36 1.30 1.03 1.18 1.26 
4/9/2012 1.40 1.40 1.22 1.41 1.32 0.99 1.24 1.30 
4/10/2012 1.41 1.40 1.20 1.40 1.32 1.06 1.23 1.29 
4/11/2012 1.33 1.34 1.16 1.31 1.22 0.97 1.16 1.23 
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4/12/2012 1.30 1.26 1.04 1.22 1.17 1.17 1.01 1.17 
4/13/2012 1.49 1.45 1.38 1.51 1.45 1.29 1.34 1.39 
4/14/2012 1.54 1.47 1.46 1.58 1.55 1.43 1.39 1.43 
4/15/2012 1.86 1.80 1.92 1.97 1.93 1.66 1.82 1.78 
4/16/2012 1.66 1.62 1.66 1.73 1.68 1.44 1.56 1.56 
4/17/2012 1.59 1.60 1.42 1.54 1.47 1.38 1.36 1.44 
4/18/2012 1.27 1.26 0.96 1.17 1.09 0.95 0.98 1.09 
4/19/2012 1.50 1.48 1.32 1.47 1.40 1.17 1.32 1.40 
4/20/2012 1.60 1.58 1.50 1.62 1.55 1.25 1.47 1.50 
4/21/2012 1.74 1.82 1.53 1.62 1.53 1.35 1.53 1.63 
4/22/2012 1.19 1.23 0.67 0.98 0.89 0.80 0.77 0.98 
4/23/2012 0.95 1.00 0.53 0.76 0.67 0.59 0.58 0.79 
4/24/2012 1.02 1.00 0.88 1.02 0.96 0.67 0.87 0.92 
4/25/2012 1.11 1.10 1.13 1.23 1.14 0.60 1.10 1.07 
4/26/2012 1.33 1.32 1.42 1.46 1.38 0.78 1.36 1.32 
4/27/2012 1.17 1.15 1.18 1.25 1.18 0.74 1.13 1.11 
4/28/2012 1.31 1.27 1.29 1.37 1.32 0.99 1.23 1.22 
4/29/2012 1.16 1.10 1.04 1.17 1.13 0.92 1.00 1.04 
4/30/2012 1.18 1.13 1.02 1.17 1.11 0.91 0.99 1.06 
5/1/2012 1.16 1.09 0.92 1.08 1.05 1.00 0.89 1.04 
5/2/2012 1.46 1.40 1.42 1.51 1.44 1.25 1.34 1.37 
5/3/2012 1.46 1.43 1.38 1.48 1.41 1.16 1.32 1.36 
5/4/2012 1.37 1.33 1.28 1.37 1.30 1.30 1.22 1.26 
5/5/2012 1.43 1.40 1.34 1.44 1.37 NaN 1.29 1.33 
5/6/2012 1.49 1.47 1.41 1.50 1.43 NaN 1.36 1.40 
5/7/2012 1.58 1.55 1.45 1.56 1.49 NaN 1.41 1.47 
5/8/2012 1.55 1.51 1.41 1.53 1.47 NaN 1.37 1.44 
5/9/2012 1.44 1.44 1.24 1.37 1.30 NaN 1.23 1.32 
5/10/2012 1.40 1.34 1.15 1.32 1.27 NaN 1.12 1.25 
5/11/2012 1.71 1.64 1.63 1.73 1.72 NaN 1.55 1.62 
5/12/2012 1.71 1.69 1.74 1.79 1.71 NaN 1.65 1.63 
5/13/2012 1.39 1.38 1.28 1.36 1.28 NaN 1.23 1.27 
5/14/2012 1.38 1.35 1.23 1.33 1.26 NaN 1.18 1.25 
5/15/2012 1.41 1.38 1.31 1.39 1.33 NaN 1.25 1.31 
5/16/2012 1.41 1.40 1.27 1.38 1.32 NaN 1.24 1.32 
5/17/2012 1.35 1.34 1.18 1.31 1.24 NaN 1.15 1.25 
5/18/2012 1.36 1.36 1.21 1.33 1.26 NaN 1.19 1.28 
5/19/2012 1.34 1.33 1.24 1.33 1.28 NaN 1.18 1.26 
5/20/2012 1.36 1.36 1.22 1.33 1.28 NaN 1.17 1.26 
5/21/2012 1.26 1.27 1.19 1.29 1.21 NaN 1.14 1.17 
5/22/2012 1.14 1.16 1.10 1.17 1.09 NaN 1.03 1.07 
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5/23/2012 1.26 1.26 1.25 1.31 1.24 NaN 1.18 1.20 
5/24/2012 1.39 1.37 1.46 1.48 1.44 NaN 1.36 1.36 
5/25/2012 1.36 1.33 1.32 1.36 1.32 NaN 1.21 1.26 
5/26/2012 1.20 1.16 1.09 1.17 1.13 NaN 0.99 1.07 
5/27/2012 1.30 1.27 1.16 1.27 1.22 NaN 1.10 1.17 
5/28/2012 1.20 1.19 1.09 1.17 1.11 NaN 1.03 1.05 
5/29/2012 1.07 1.06 1.01 1.08 0.99 NaN 0.95 0.93 
5/30/2012 1.03 1.00 1.02 1.06 0.98 NaN 0.94 0.93 
5/31/2012 1.14 1.12 1.16 1.18 1.12 NaN 1.07 1.07 
6/1/2012 1.17 1.19 1.12 1.12 1.05 NaN 1.01 1.08 
6/2/2012 1.04 1.20 0.96 1.00 0.96 NaN 0.85 0.92 
6/3/2012 1.16 1.24 1.22 1.20 1.15 NaN 1.07 1.08 
6/4/2012 1.21 1.25 1.28 1.27 1.18 NaN 1.14 1.13 
6/5/2012 1.44 1.42 1.50 1.49 1.40 NaN 1.36 1.36 
6/6/2012 1.42 1.41 1.44 1.42 1.33 NaN 1.29 1.33 
6/7/2012 1.39 1.36 1.30 1.34 1.28 NaN 1.17 1.26 
6/8/2012 1.40 1.33 1.29 1.35 1.30 NaN 1.17 1.25 
6/9/2012 1.74 1.67 1.78 1.78 1.74 NaN 1.63 1.63 
6/10/2012 1.80 1.76 2.11 2.00 1.94 NaN 1.89 1.76 
6/11/2012 1.52 1.46 1.65 1.62 1.53 NaN 1.48 1.43 
6/12/2012 1.28 1.25 1.21 1.24 1.17 NaN 1.08 1.14 
6/13/2012 1.30 1.25 1.17 1.26 1.19 0.59 1.10 1.15 
6/14/2012 1.19 1.16 1.06 1.12 1.04 0.66 0.98 1.04 
6/15/2012 1.27 1.23 1.15 1.19 1.14 0.89 1.03 1.15 
6/16/2012 1.59 1.52 1.37 1.45 1.43 1.43 1.26 1.45 
6/17/2012 1.89 1.81 1.85 1.89 1.84 1.58 1.70 1.75 
6/18/2012 2.00 1.93 2.04 2.03 2.00 1.68 1.87 1.89 
6/19/2012 1.92 1.86 1.92 1.93 1.88 1.63 1.75 1.78 
6/20/2012 1.94 1.87 1.84 1.88 1.83 1.66 1.69 1.78 
6/21/2012 1.96 1.91 1.78 1.85 1.79 1.66 1.65 1.78 
6/22/2012 2.15 2.09 1.95 2.03 1.97 1.85 1.84 1.98 
6/23/2012 2.31 2.23 2.11 2.18 2.14 2.03 1.98 2.13 
6/24/2012 2.36 2.29 1.97 2.14 2.09 1.94 1.92 2.13 
6/25/2012 2.76 2.71 2.45 2.59 2.51 2.23 2.40 2.56 
6/26/2012 2.46 2.40 2.35 2.40 2.32 1.96 2.24 2.30 
6/27/2012 2.14 2.10 2.06 2.15 2.05 1.64 2.00 2.00 
6/28/2012 1.87 1.86 1.84 1.93 1.85 1.41 1.81 1.76 
6/29/2012 1.71 1.70 1.65 1.76 1.68 1.23 1.65 1.59 
6/30/2012 1.67 1.66 1.61 1.70 1.63 1.17 1.61 1.56 
7/1/2012 1.63 1.65 1.65 1.69 1.64 1.11 1.62 1.54 
7/2/2012 1.49 1.49 1.41 1.51 1.44 0.97 1.42 1.38 
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7/3/2012 1.52 1.53 1.42 1.52 1.45 0.99 1.44 1.40 
7/4/2012 1.51 1.51 1.37 1.52 1.47 1.03 1.42 1.40 
7/5/2012 1.58 1.58 1.43 1.59 1.52 1.05 1.48 1.46 
7/6/2012 1.55 1.54 1.40 1.54 1.46 1.05 1.44 1.42 
7/7/2012 1.55 1.53 1.40 1.56 1.49 1.07 1.46 1.43 
7/8/2012 1.45 1.43 1.33 1.46 1.41 0.95 1.38 1.33 
7/9/2012 1.48 1.45 1.35 1.51 1.45 0.96 1.40 1.36 
7/10/2012 1.36 1.37 1.27 1.39 1.34 0.82 1.32 1.26 
7/11/2012 1.33 1.32 1.25 1.36 1.31 0.84 1.27 1.22 
7/12/2012 1.43 1.40 1.35 1.45 1.38 0.95 1.35 1.32 
7/13/2012 1.42 1.40 1.32 1.42 1.36 0.97 1.31 1.29 
7/14/2012 1.43 1.43 1.28 1.41 1.36 0.99 1.32 1.31 
7/15/2012 1.41 1.40 1.34 1.43 1.38 0.95 1.34 1.31 
7/16/2012 1.49 1.46 1.41 1.51 1.44 1.04 1.40 1.36 
7/17/2012 1.53 1.51 1.45 1.55 1.48 1.04 1.44 1.41 
7/18/2012 1.47 1.46 1.40 1.49 1.43 0.95 1.40 1.36 
7/19/2012 1.38 1.40 1.32 1.42 1.35 0.86 1.33 1.28 
7/20/2012 1.45 1.47 1.37 1.48 1.41 0.79 1.42 1.36 
7/21/2012 1.43 1.42 1.34 1.46 1.39 0.92 1.39 1.34 
7/22/2012 1.57 1.54 1.47 1.59 1.54 1.11 1.49 1.47 
7/23/2012 1.61 1.56 1.45 1.58 1.54 1.18 1.47 1.47 
7/24/2012 1.57 1.54 1.47 1.58 1.51 1.06 1.48 1.44 
7/25/2012 1.62 1.60 1.54 1.65 1.58 1.04 1.56 1.51 
7/26/2012 1.62 1.60 1.53 1.65 1.58 1.04 1.56 1.52 
7/27/2012 1.65 1.65 1.59 1.67 2.19 1.06 1.60 1.54 
7/28/2012 1.48 1.47 1.39 1.48 NaN 0.93 1.41 1.35 
7/29/2012 1.44 1.43 1.39 1.47 NaN 0.85 1.40 1.31 
7/30/2012 1.55 1.53 1.51 1.58 NaN 0.92 1.51 1.43 
7/31/2012 1.47 1.46 1.41 1.49 NaN 0.85 1.41 1.36 
8/1/2012 1.51 1.52 1.44 1.50 NaN 0.87 1.44 1.39 
8/2/2012 1.50 1.50 1.42 1.50 NaN 0.86 1.43 1.38 
8/3/2012 1.53 1.52 1.45 1.53 NaN 0.96 1.46 1.41 
8/4/2012 1.51 1.50 1.39 1.49 NaN 1.02 1.41 1.39 
8/5/2012 1.45 1.42 1.31 1.41 NaN 0.96 1.32 1.29 
8/6/2012 1.44 1.43 1.28 1.38 NaN 0.95 1.30 1.30 
8/7/2012 1.54 1.52 1.41 1.51 NaN 1.04 1.44 1.41 
8/8/2012 1.59 1.59 1.50 1.58 NaN 1.11 1.51 1.47 
8/9/2012 1.59 1.59 1.49 1.58 NaN 1.01 1.52 1.46 
8/10/2012 1.61 1.63 1.59 1.66 NaN 0.97 1.62 1.51 
8/11/2012 1.51 1.55 1.47 1.53 NaN 0.93 1.49 1.42 
8/12/2012 1.45 1.45 1.36 1.45 NaN 0.95 1.37 1.34 
279 
 
8/13/2012 1.55 1.56 1.52 1.58 NaN 0.95 1.53 1.44 
8/14/2012 1.51 1.53 1.52 1.57 NaN 0.85 1.53 1.41 
8/15/2012 1.49 1.50 1.43 1.51 NaN 0.94 1.44 1.38 
8/16/2012 1.51 1.52 1.45 1.51 NaN 0.99 1.45 1.40 
8/17/2012 1.54 1.56 1.48 1.55 NaN 1.04 1.49 1.44 
8/18/2012 1.71 1.72 1.62 1.70 NaN 1.15 1.64 1.58 
8/19/2012 1.58 1.61 1.50 1.61 NaN 1.04 1.54 1.47 
8/20/2012 1.64 1.67 1.51 1.63 NaN 1.15 1.55 1.51 
8/21/2012 1.50 1.49 1.35 1.46 NaN 1.06 1.36 1.35 
8/22/2012 1.50 1.47 1.32 1.44 NaN 1.03 1.34 1.34 
8/23/2012 1.49 1.48 1.41 1.49 NaN 1.06 1.40 1.36 
8/24/2012 1.57 1.56 1.51 1.58 NaN 1.14 1.50 1.45 
8/25/2012 1.67 1.66 1.60 1.66 NaN 1.32 1.56 1.54 
8/26/2012 1.73 1.72 1.60 1.68 NaN 1.40 1.57 1.57 
8/27/2012 1.65 1.71 1.29 1.43 NaN 1.29 1.30 1.44 
8/28/2012 1.83 2.36 0.59 0.92 NaN 1.78 0.24 1.55 
8/29/2012 4.87 5.01 5.67 5.83 NaN 4.34 5.41 6.24 
8/30/2012 2.99 3.35 NaN 3.59 NaN 2.64 3.95 4.04 
8/31/2012 2.09 2.32 NaN 2.37 NaN 1.95 2.07 NaN 
9/1/2012 1.66 1.86 NaN 1.89 NaN 1.48 1.53 NaN 
9/2/2012 1.54 1.72 NaN 1.76 NaN 1.25 1.51 NaN 
9/3/2012 1.55 1.75 NaN 1.77 NaN 1.18 1.59 NaN 
9/4/2012 1.51 1.68 NaN 1.71 NaN 1.01 1.60 NaN 
9/5/2012 1.48 1.66 NaN 1.63 NaN 0.90 1.82 NaN 
9/6/2012 1.24 1.38 NaN 1.29 NaN 0.97 1.26 NaN 
9/7/2012 1.53 1.64 NaN 1.59 NaN 1.32 1.55 NaN 
9/8/2012 1.81 1.81 NaN 1.75 NaN 1.29 1.81 NaN 
9/9/2012 1.96 1.60 NaN 1.45 NaN 1.23 1.49 NaN 
9/10/2012 1.66 1.63 NaN 1.54 NaN 1.27 1.50 NaN 
9/11/2012 1.65 1.66 NaN 1.63 NaN 1.30 1.57 NaN 
9/12/2012 1.78 1.75 1.47 1.74 NaN 1.37 1.65 NaN 
9/13/2012 1.89 1.97 1.80 1.93 NaN 1.63 1.79 NaN 
9/14/2012 2.20 2.07 1.85 2.01 NaN 1.77 1.87 NaN 
9/15/2012 2.05 1.93 1.72 1.87 NaN 1.55 1.75 NaN 
9/16/2012 2.01 1.99 1.83 1.97 NaN 1.58 1.86 NaN 
9/17/2012 2.24 2.24 2.24 2.32 NaN 1.68 2.25 NaN 
9/18/2012 1.91 1.96 1.73 1.84 NaN 1.32 1.78 1.59 
9/19/2012 1.51 1.60 1.34 1.51 NaN 1.25 1.38 1.35 
9/20/2012 1.48 1.45 1.28 1.40 NaN 1.14 1.28 1.23 
9/21/2012 1.61 1.65 1.50 1.63 NaN 1.32 1.51 1.44 
9/22/2012 1.46 1.44 1.31 1.43 NaN 1.06 1.31 1.22 
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9/23/2012 1.39 1.40 1.26 1.38 NaN 1.02 1.27 1.19 
9/24/2012 1.33 1.35 1.21 1.33 NaN 0.97 1.22 1.14 
9/25/2012 1.48 1.43 1.33 1.45 NaN 1.11 1.34 1.25 
9/26/2012 1.54 1.52 1.41 1.54 NaN 1.18 1.42 1.33 
9/27/2012 1.57 1.52 1.42 1.54 NaN 1.17 1.44 1.33 
9/28/2012 1.63 1.62 1.54 1.66 NaN 1.23 1.56 1.44 
9/29/2012 1.69 1.55 1.45 1.59 NaN 1.19 1.48 1.36 
9/30/2012 1.75 1.89 2.07 2.14 NaN 1.36 2.06 1.80 
10/1/2012 1.78 1.77 1.68 1.71 NaN 0.86 1.73 1.49 
10/2/2012 1.30 1.30 1.12 1.27 NaN 0.80 1.19 1.08 
10/3/2012 1.24 1.30 1.21 1.31 NaN 0.95 1.21 1.11 
10/4/2012 1.20 1.24 1.09 1.21 0.58 0.88 1.10 1.02 
10/5/2012 1.25 1.36 1.17 1.33 NaN 0.97 1.22 1.17 
10/6/2012 1.28 1.39 1.24 1.37 1.15 0.97 1.26 1.20 
10/7/2012 1.18 1.35 0.93 1.13 1.10 0.97 1.01 1.06 
10/8/2012 1.25 1.39 1.03 1.24 1.20 1.00 1.12 1.14 
10/9/2012 1.15 1.26 1.07 1.23 1.21 0.90 1.12 1.06 
10/10/2012 1.23 1.34 1.17 1.32 1.31 0.97 1.21 1.14 
10/11/2012 1.11 1.21 1.05 1.20 1.20 0.89 1.08 1.03 
10/12/2012 1.24 1.33 1.17 1.32 1.32 1.02 1.20 1.15 
10/13/2012 1.35 1.43 1.35 1.49 1.48 1.09 1.37 1.28 
10/14/2012 1.43 1.52 1.46 1.57 1.58 1.11 1.48 1.36 
10/15/2012 1.34 1.44 1.29 1.41 1.40 0.98 1.33 1.26 
10/16/2012 1.41 1.47 1.29 1.47 1.48 1.21 1.32 1.29 
10/17/2012 1.72 1.79 1.90 1.94 1.96 1.39 1.85 1.68 
10/18/2012 1.60 1.72 1.63 1.69 1.70 1.28 1.59 1.50 
10/19/2012 1.47 1.56 1.42 1.54 1.53 1.10 1.43 1.34 
10/20/2012 1.44 1.55 1.46 1.55 1.56 1.09 1.46 1.36 
10/21/2012 1.43 1.52 1.45 1.53 1.55 1.19 1.43 1.34 
10/22/2012 1.46 1.52 1.41 1.54 1.55 1.21 1.42 1.35 
10/23/2012 1.64 1.70 1.58 1.71 1.73 1.40 1.59 1.53 
10/24/2012 1.73 1.78 1.65 1.79 1.81 1.48 1.66 1.60 
10/25/2012 1.81 1.87 1.75 1.88 1.89 1.53 1.75 1.70 
10/26/2012 1.72 1.80 1.62 1.76 1.77 1.37 1.63 1.59 
10/27/2012 1.24 1.42 0.85 1.08 1.05 0.87 0.95 1.05 
10/28/2012 0.99 1.17 0.60 0.87 0.84 0.55 0.74 0.82 
10/29/2012 0.76 0.91 0.34 0.63 0.61 0.42 0.46 0.58 
10/30/2012 0.98 1.10 0.90 1.05 1.04 0.53 0.95 0.87 
10/31/2012 0.93 1.02 0.92 1.04 1.03 0.48 0.95 0.85 
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D.5.7. Tide stations 49-56 Data 
  
CRMS 
0188 
-M01 
CRMS 
0220 
-H01 
CRMS 
0234 
-H01 
CRMS 
0237 
-H01 
CRMS 
0248 
-H01 
CRMS 
0251 
-H01 
CRMS 
0253 
-H01 
CRMS 
0261 
-H01 
 -90.14 -90.07 -90.10 -89.95 -90.07 -90.01 -90.07 -90.10 
  29.79 29.57 29.80 29.48 29.60 29.52 29.56 29.60 
11/1/2011 NaN 0.63 1.20 0.75 0.74 0.73 0.59 0.68 
11/2/2011 NaN 0.93 1.19 1.04 1.03 1.04 0.90 1.00 
11/3/2011 NaN 0.87 1.18 0.78 1.03 0.85 0.78 0.97 
11/4/2011 NaN 0.32 1.17 0.47 0.45 0.41 0.28 0.39 
11/5/2011 NaN 0.53 1.15 0.70 0.60 0.64 0.49 0.55 
11/6/2011 NaN 0.94 1.15 1.05 1.03 1.04 0.90 0.98 
11/7/2011 NaN 1.06 NaN 1.17 1.16 1.14 0.99 1.12 
11/8/2011 NaN 1.30 NaN 1.41 1.40 1.38 1.23 1.37 
11/9/2011 NaN 1.31 NaN 1.31 1.46 1.34 1.19 1.36 
11/10/2011 NaN 0.41 NaN 0.36 0.64 0.40 0.38 0.52 
11/11/2011 NaN 0.47 NaN 0.72 0.56 0.59 0.45 0.53 
11/12/2011 NaN 0.75 NaN 0.87 0.88 0.80 0.72 0.84 
11/13/2011 NaN 0.91 NaN 1.05 1.02 0.95 0.87 0.99 
11/14/2011 NaN 1.13 NaN 1.29 1.24 1.19 1.09 1.20 
11/15/2011 NaN 1.32 NaN 1.46 1.43 1.36 1.28 1.40 
11/16/2011 NaN 1.51 NaN 1.60 1.64 1.53 1.45 1.58 
11/17/2011 NaN 0.92 NaN 0.63 1.16 0.73 0.78 1.02 
11/18/2011 NaN 0.80 NaN 0.99 0.88 0.85 0.76 0.85 
11/19/2011 NaN 1.07 NaN 1.20 1.18 1.10 1.02 1.13 
11/20/2011 NaN 1.22 NaN 1.32 1.33 1.23 1.16 1.27 
11/21/2011 NaN 1.17 NaN 1.27 1.29 1.18 1.10 1.24 
11/22/2011 NaN 1.37 NaN 1.51 1.48 1.40 1.31 1.43 
11/23/2011 NaN 1.17 NaN 1.00 1.38 1.06 1.05 1.25 
11/24/2011 NaN 0.94 NaN 0.96 1.10 0.92 0.88 1.02 
11/25/2011 NaN 1.06 NaN 1.13 1.20 1.07 1.00 1.14 
11/26/2011 NaN 1.50 NaN 1.73 1.59 1.61 1.46 1.56 
11/27/2011 NaN 1.35 NaN 1.18 1.57 1.23 1.23 1.46 
11/28/2011 NaN 0.63 NaN 0.67 0.85 0.60 0.55 0.74 
11/29/2011 NaN 0.50 NaN 0.57 0.66 0.49 0.44 0.59 
11/30/2011 NaN 0.43 NaN 0.53 0.57 0.44 0.39 0.50 
12/1/2011 NaN 0.57 NaN 0.64 0.71 0.58 0.54 0.65 
12/2/2011 NaN 0.61 NaN 0.68 0.73 0.61 0.57 0.67 
12/3/2011 NaN 1.00 NaN 1.13 1.09 1.03 0.96 1.04 
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12/4/2011 NaN 1.43 NaN 1.51 1.54 1.45 1.39 1.48 
12/5/2011 NaN 1.68 NaN 1.69 1.81 1.65 1.62 1.74 
12/6/2011 NaN 1.28 NaN 1.13 1.48 1.15 1.15 1.36 
12/7/2011 NaN 0.55 NaN 0.34 0.81 0.44 0.42 0.72 
12/8/2011 NaN 0.34 NaN 0.50 0.42 0.51 0.32 0.42 
12/9/2011 NaN 0.56 1.14 0.54 0.69 0.53 0.50 0.63 
12/10/2011 NaN 0.30 NaN 0.21 0.48 0.48 0.34 0.39 
12/11/2011 NaN 0.27 NaN 0.30 0.38 0.47 0.29 0.33 
12/12/2011 NaN 0.43 NaN 0.54 0.52 0.54 0.37 0.46 
12/13/2011 NaN 0.64 NaN 0.70 0.73 0.64 0.57 0.66 
12/14/2011 NaN 0.88 NaN 0.97 0.95 0.90 0.82 0.90 
12/15/2011 NaN 1.06 NaN 1.16 1.15 1.08 1.00 1.08 
12/16/2011 NaN 1.17 NaN 1.21 1.28 1.15 1.10 1.19 
12/17/2011 NaN 0.74 NaN 0.69 0.85 0.64 0.62 0.76 
12/18/2011 NaN 0.67 NaN 0.79 0.71 0.65 0.59 0.66 
12/19/2011 NaN 0.92 NaN 1.09 0.97 0.93 0.85 0.92 
12/20/2011 NaN 1.24 NaN 1.37 1.30 1.23 1.16 1.24 
12/21/2011 NaN 1.44 NaN 1.55 1.51 1.41 1.34 1.43 
12/22/2011 NaN 1.50 NaN 1.57 1.60 1.44 1.38 1.51 
12/23/2011 NaN 1.24 NaN 1.03 1.38 1.06 1.09 1.27 
12/24/2011 NaN 1.03 NaN 0.94 1.14 0.91 0.92 1.06 
12/25/2011 NaN 1.02 NaN 0.95 1.11 0.90 0.91 1.06 
12/26/2011 NaN 1.11 NaN 1.10 1.19 1.03 1.01 1.14 
12/27/2011 NaN 0.80 NaN 0.76 0.96 0.69 0.67 0.85 
12/28/2011 NaN 0.60 NaN 0.66 0.71 0.56 0.50 0.64 
12/29/2011 NaN 0.83 NaN 0.90 0.93 0.82 0.76 0.87 
12/30/2011 NaN 1.02 NaN 1.13 1.11 1.05 0.96 1.06 
12/31/2011 NaN 0.95 NaN 1.02 1.07 0.95 0.89 1.01 
1/1/2012 NaN 0.89 NaN 0.85 1.03 0.84 0.80 0.96 
1/2/2012 NaN 0.13 NaN 0.04 0.34 0.33 0.21 0.30 
1/3/2012 NaN 0.01 NaN 0.16 0.10 0.25 0.11 0.07 
1/4/2012 NaN 0.25 1.15 0.50 0.34 0.55 0.33 0.32 
1/5/2012 NaN 0.40 NaN 0.48 0.55 0.59 0.35 0.49 
1/6/2012 NaN 0.60 NaN 0.81 0.70 0.72 0.56 0.66 
1/7/2012 NaN 0.74 NaN 0.79 0.88 0.78 0.67 0.81 
1/8/2012 NaN 0.85 NaN 0.91 0.98 0.90 0.79 0.92 
1/9/2012 NaN 0.84 NaN 0.85 1.00 0.86 0.78 0.93 
1/10/2012 NaN 1.21 NaN 1.27 1.31 1.26 1.16 1.30 
1/11/2012 NaN 0.96 NaN 0.98 1.16 0.95 0.87 1.05 
1/12/2012 NaN 0.62 NaN 0.43 0.86 0.60 0.50 0.77 
1/13/2012 NaN -0.03 NaN 0.06 0.14 0.11 0.03 0.10 
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1/14/2012 NaN 0.07 1.14 0.20 0.18 0.22 0.09 0.14 
1/15/2012 NaN 0.14 1.14 0.30 0.25 0.39 0.24 0.19 
1/16/2012 NaN 0.46 NaN 0.64 0.55 0.57 0.44 0.49 
1/17/2012 NaN 0.77 NaN 0.95 0.86 0.87 0.74 0.81 
1/18/2012 NaN 0.72 NaN 0.65 0.88 0.68 0.62 0.76 
1/19/2012 NaN 0.70 NaN 0.82 0.82 0.77 0.65 0.76 
1/20/2012 NaN 0.90 NaN 1.00 1.02 0.97 0.85 0.96 
1/21/2012 NaN 0.98 NaN 0.96 1.13 0.99 0.91 1.04 
1/22/2012 NaN 1.01 NaN 1.03 1.16 1.04 0.95 1.07 
1/23/2012 NaN 1.11 NaN 1.06 1.27 1.09 1.02 1.17 
1/24/2012 NaN 0.96 NaN 0.85 1.13 0.91 0.86 1.02 
1/25/2012 NaN 1.16 NaN 1.17 1.27 1.18 1.09 1.23 
1/26/2012 NaN 1.36 NaN 1.25 1.52 1.30 1.28 1.45 
1/27/2012 NaN 0.65 NaN 0.57 0.86 0.56 0.52 0.75 
1/28/2012 NaN 0.50 NaN 0.45 0.63 0.43 0.39 0.56 
1/29/2012 NaN 0.10 NaN 0.06 0.23 0.25 0.15 0.20 
1/30/2012 NaN 0.31 NaN 0.47 0.36 0.59 0.38 0.34 
1/31/2012 NaN 0.54 NaN 0.62 0.62 0.57 0.50 0.59 
2/1/2012 NaN 0.80 NaN 0.86 0.87 0.81 0.74 0.84 
2/2/2012 NaN 0.83 NaN 0.80 0.95 0.79 0.75 0.89 
2/3/2012 NaN 0.97 NaN 0.98 1.08 0.95 0.91 1.05 
2/4/2012 NaN 1.06 NaN 0.97 1.19 0.98 0.99 1.16 
2/5/2012 NaN 0.86 NaN 0.71 1.01 0.73 0.74 0.93 
2/6/2012 NaN 0.56 NaN 0.54 0.66 0.56 0.48 0.64 
2/7/2012 NaN 0.70 NaN 0.77 0.78 0.70 0.63 0.76 
2/8/2012 NaN 0.64 NaN 0.58 0.77 0.56 0.55 0.72 
2/9/2012 NaN 0.61 NaN 0.66 0.68 0.60 0.54 0.67 
2/10/2012 NaN 0.80 NaN 0.84 0.90 0.78 0.73 0.87 
2/11/2012 NaN 0.16 1.14 0.03 0.35 0.34 0.22 0.32 
2/12/2012 NaN -0.11 1.14 -0.06 -0.08 0.14 0.01 -0.14 
2/13/2012 NaN 0.27 1.14 0.66 0.26 0.77 0.54 0.27 
2/14/2012 NaN 0.94 1.14 1.12 0.97 1.01 0.88 0.96 
2/15/2012 NaN 0.88 1.14 0.92 1.00 0.88 0.81 0.95 
2/16/2012 NaN 0.90 1.14 0.91 1.03 0.87 0.82 0.98 
2/17/2012 NaN 0.78 1.14 0.76 0.91 0.74 0.69 0.86 
2/18/2012 NaN 1.09 1.22 1.19 1.18 1.10 1.05 1.15 
2/19/2012 NaN 1.02 1.35 0.74 1.22 0.82 0.90 1.15 
2/20/2012 NaN 0.52 1.35 0.53 0.65 0.48 0.46 0.62 
2/21/2012 NaN 0.71 1.35 0.72 0.83 0.68 0.65 0.79 
2/22/2012 NaN 0.82 1.34 0.94 0.90 0.83 0.76 0.87 
2/23/2012 NaN 1.07 1.34 1.21 1.15 1.12 1.02 1.11 
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2/24/2012 NaN 0.98 1.33 0.71 1.18 0.87 0.84 1.05 
2/25/2012 NaN 0.28 1.33 0.28 0.44 0.29 0.21 0.39 
2/26/2012 NaN 0.64 1.32 0.75 0.72 0.68 0.60 0.66 
2/27/2012 NaN 0.67 1.33 0.69 0.77 0.64 0.61 0.72 
2/28/2012 NaN 0.78 1.32 0.84 0.87 0.78 0.72 0.85 
2/29/2012 NaN 0.91 1.32 0.94 1.01 0.89 0.85 0.98 
3/1/2012 NaN 0.90 1.31 0.91 1.01 0.87 0.83 0.97 
3/2/2012 NaN 1.14 1.30 1.21 1.22 1.15 1.10 1.22 
3/3/2012 NaN 0.98 1.30 0.74 1.21 0.80 0.83 1.07 
3/4/2012 NaN 0.31 1.29 0.32 0.44 0.39 0.27 0.43 
3/5/2012 NaN 0.25 1.27 0.29 0.40 0.38 0.27 0.34 
3/6/2012 NaN 0.28 1.26 0.30 0.44 0.41 0.30 0.36 
3/7/2012 NaN 0.84 1.25 0.93 0.92 0.88 0.82 0.91 
3/8/2012 NaN 1.32 1.25 1.34 1.42 1.30 1.29 1.41 
3/9/2012 NaN 1.08 1.28 0.85 1.27 0.91 0.98 1.19 
3/10/2012 NaN 1.01 1.28 1.06 1.09 0.97 0.96 1.08 
3/11/2012 NaN 1.28 1.28 1.31 1.36 1.26 1.24 1.35 
3/12/2012 NaN 1.33 1.30 1.35 1.44 1.29 1.29 1.43 
3/13/2012 NaN 1.33 1.32 1.30 1.47 1.25 1.24 1.42 
3/14/2012 NaN 1.22 1.32 1.14 1.37 1.12 1.14 1.32 
3/15/2012 NaN 1.13 1.31 1.06 1.28 1.03 1.04 1.24 
3/16/2012 NaN 1.06 1.29 0.99 1.20 0.97 0.97 1.17 
3/17/2012 NaN 1.15 1.28 1.13 1.27 1.10 1.07 1.24 
3/18/2012 NaN 1.29 1.27 1.20 1.42 1.21 1.21 1.39 
3/19/2012 NaN 1.44 1.27 1.37 1.58 1.37 1.37 1.55 
3/20/2012 NaN 1.96 1.26 1.92 2.07 1.93 1.93 2.07 
3/21/2012 NaN 2.38 1.28 2.15 2.52 2.24 2.33 2.49 
3/22/2012 NaN 1.64 1.49 1.23 1.92 1.34 1.49 1.84 
3/23/2012 NaN 1.58 2.23 1.42 1.77 1.44 1.50 1.74 
3/24/2012 NaN 1.35 2.37 1.28 1.52 1.28 1.27 1.51 
3/25/2012 NaN 1.12 2.23 1.05 1.26 1.04 1.04 1.27 
3/26/2012 NaN 0.96 2.12 0.91 1.11 0.91 0.89 1.12 
3/27/2012 NaN 0.97 2.04 1.00 1.10 0.97 0.91 1.12 
3/28/2012 NaN 1.07 1.99 1.11 1.19 1.09 1.02 1.21 
3/29/2012 NaN 1.17 1.95 1.19 1.30 1.17 1.11 1.28 
3/30/2012 NaN 1.27 1.92 1.36 1.38 1.30 1.20 1.35 
3/31/2012 NaN 1.26 1.90 1.23 1.41 1.23 1.15 1.32 
4/1/2012 NaN 1.24 1.87 1.28 1.36 1.26 1.16 1.28 
4/2/2012 NaN 1.49 1.90 1.57 1.62 1.54 1.42 1.51 
4/3/2012 NaN 1.69 2.25 1.55 1.86 1.64 1.56 1.76 
4/4/2012 NaN 1.64 2.38 1.39 1.81 1.52 1.55 1.74 
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4/5/2012 NaN 1.46 2.33 1.36 1.63 1.41 1.39 1.56 
4/6/2012 NaN 1.12 2.21 0.99 1.29 1.05 1.02 1.22 
4/7/2012 NaN 1.19 2.11 1.19 1.30 1.22 1.11 1.26 
4/8/2012 NaN 1.30 2.04 1.25 1.40 1.29 1.20 1.35 
4/9/2012 NaN 1.24 1.98 1.19 1.36 1.24 1.15 1.30 
4/10/2012 NaN 1.18 1.93 1.17 1.30 1.20 1.09 1.24 
4/11/2012 NaN 1.12 1.90 1.08 1.26 1.12 1.03 1.19 
4/12/2012 NaN 1.12 1.86 1.14 1.26 1.16 1.04 1.17 
4/13/2012 NaN 1.33 1.83 1.41 1.43 1.41 1.27 1.40 
4/14/2012 NaN 1.52 1.80 1.58 1.65 1.60 1.47 1.61 
4/15/2012 NaN 1.94 1.77 1.96 2.09 2.01 1.91 2.04 
4/16/2012 NaN 1.80 1.75 1.68 2.01 1.77 1.72 1.96 
4/17/2012 NaN 1.67 1.80 1.45 1.87 1.60 1.57 1.82 
4/18/2012 NaN 0.99 1.84 0.90 1.19 0.93 1.01 1.17 
4/19/2012 NaN 1.17 1.81 1.24 1.28 1.25 1.11 1.26 
4/20/2012 NaN 1.32 1.78 1.40 1.44 1.36 1.27 1.39 
4/21/2012 NaN 1.38 1.83 1.33 1.50 1.29 1.30 1.46 
4/22/2012 NaN 0.66 1.84 0.57 0.86 0.49 0.58 0.79 
4/23/2012 NaN 0.35 1.81 0.39 0.51 0.34 0.30 0.46 
4/24/2012 NaN 0.55 1.78 0.78 0.62 0.70 0.53 0.61 
4/25/2012 NaN 0.75 1.75 0.94 0.86 0.79 0.73 0.84 
4/26/2012 NaN 1.01 1.72 1.19 1.12 1.04 0.97 1.09 
4/27/2012 NaN 1.05 1.70 1.09 1.22 1.02 1.00 1.17 
4/28/2012 NaN 1.17 1.67 1.28 1.32 1.18 1.15 1.29 
4/29/2012 NaN 1.18 1.65 1.14 1.36 1.10 1.13 1.32 
4/30/2012 NaN 1.10 1.63 1.09 1.28 1.03 1.07 1.25 
5/1/2012 NaN 1.06 1.61 1.10 1.22 1.02 1.06 1.20 
5/2/2012 NaN 1.46 1.59 1.51 1.60 1.43 1.49 1.59 
5/3/2012 NaN 1.40 1.57 1.37 1.58 1.32 1.40 1.53 
5/4/2012 NaN 1.24 1.55 1.22 1.43 1.18 1.24 1.38 
5/5/2012 NaN 1.22 1.53 1.27 1.38 1.20 1.23 1.34 
5/6/2012 NaN 1.28 1.53 1.33 1.40 1.24 1.26 1.35 
5/7/2012 NaN 1.32 1.55 1.37 1.43 1.23 1.29 1.37 
5/8/2012 NaN 1.33 1.57 1.38 1.45 1.29 1.32 1.40 
5/9/2012 NaN 1.17 1.55 1.14 1.29 1.08 1.08 1.22 
5/10/2012 NaN 1.08 1.53 1.19 1.15 1.09 0.99 1.10 
5/11/2012 NaN 1.51 1.53 1.73 1.54 1.59 1.44 1.48 
5/12/2012 NaN 1.66 1.56 1.64 1.77 1.61 1.58 1.69 
5/13/2012 NaN 1.25 1.57 1.17 1.39 1.14 1.13 1.30 
5/14/2012 NaN 1.02 1.55 1.12 1.10 0.99 0.93 1.01 
5/15/2012 NaN 1.12 1.53 1.18 1.20 1.09 1.02 1.10 
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5/16/2012 NaN 1.12 1.51 1.18 1.22 1.08 1.04 1.14 
5/17/2012 NaN 1.07 1.50 1.13 1.18 1.03 0.98 1.09 
5/18/2012 NaN 1.09 1.48 1.16 1.19 1.05 1.01 1.09 
5/19/2012 NaN 1.20 1.46 1.24 1.29 1.16 1.11 1.20 
5/20/2012 NaN 1.20 1.43 1.22 1.29 1.14 1.10 1.20 
5/21/2012 NaN 1.03 1.41 1.05 1.16 0.97 0.92 1.07 
5/22/2012 NaN 0.84 1.39 0.93 0.99 0.82 0.74 0.89 
5/23/2012 NaN 0.86 1.37 1.06 1.00 0.90 0.79 0.90 
5/24/2012 NaN 1.13 1.36 1.34 1.26 1.20 1.08 1.14 
5/25/2012 NaN 1.25 1.34 1.30 1.41 1.24 1.20 1.29 
5/26/2012 NaN 1.05 1.32 1.06 1.23 1.00 1.00 1.12 
5/27/2012 NaN 0.96 1.29 1.08 1.13 0.96 0.93 1.03 
5/28/2012 NaN 0.75 1.27 0.88 0.94 0.76 0.72 0.83 
5/29/2012 NaN 0.49 1.24 0.70 0.68 0.54 0.48 0.57 
5/30/2012 NaN 0.49 1.21 0.75 0.65 0.59 0.50 0.53 
5/31/2012 NaN 0.75 1.19 0.94 0.94 0.85 0.77 0.80 
6/1/2012 NaN 0.80 1.25 0.90 1.01 0.83 0.81 0.87 
6/2/2012 NaN 0.68 1.22 0.91 0.86 0.77 0.72 0.74 
6/3/2012 NaN 0.83 1.19 1.07 1.00 0.93 0.87 0.88 
6/4/2012 NaN 0.85 1.17 1.09 1.05 0.95 0.90 0.93 
6/5/2012 NaN 0.95 1.15 1.27 1.13 1.09 0.99 1.00 
6/6/2012 NaN 1.02 1.20 1.24 1.22 1.12 1.06 1.08 
6/7/2012 NaN 1.04 1.20 1.22 1.25 1.12 1.03 1.11 
6/8/2012 NaN 1.09 1.20 1.26 1.28 1.14 1.09 1.15 
6/9/2012 NaN 1.38 1.22 1.68 1.55 1.51 1.40 1.42 
6/10/2012 NaN 1.70 1.28 1.89 1.94 1.78 1.64 1.80 
6/11/2012 NaN 1.45 1.27 1.54 1.72 1.46 1.47 1.57 
6/12/2012 NaN 1.09 1.29 1.13 1.34 1.06 1.09 1.21 
6/13/2012 NaN 0.87 1.28 1.05 1.09 0.91 0.89 0.97 
6/14/2012 NaN 0.82 1.27 0.92 0.99 0.82 0.78 0.90 
6/15/2012 NaN 0.99 1.27 1.12 1.05 1.02 0.91 1.01 
6/16/2012 NaN 1.33 1.26 1.49 1.36 1.39 1.29 1.31 
6/17/2012 NaN 1.68 1.28 1.85 1.74 1.76 1.67 1.71 
6/18/2012 NaN 1.93 1.28 2.06 2.02 2.01 1.93 1.97 
6/19/2012 NaN 1.96 1.26 1.98 2.10 1.98 1.94 2.04 
6/20/2012 NaN 1.86 1.25 1.88 2.00 1.86 1.83 1.94 
6/21/2012 NaN 1.75 1.24 1.80 1.87 1.76 1.72 1.82 
6/22/2012 NaN 1.77 1.25 1.94 1.87 1.84 1.75 1.81 
6/23/2012 NaN 1.95 1.27 2.13 2.04 2.03 1.93 1.98 
6/24/2012 NaN 1.83 1.28 1.98 1.93 1.87 1.78 1.88 
6/25/2012 NaN 2.02 1.27 2.32 2.08 2.14 1.99 2.01 
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6/26/2012 NaN 2.07 1.26 2.24 2.18 2.13 2.01 2.10 
6/27/2012 NaN 1.87 1.27 1.99 2.01 1.90 1.81 1.93 
6/28/2012 NaN 1.80 1.31 1.81 1.96 1.79 1.72 1.87 
6/29/2012 NaN 1.62 1.33 1.63 1.78 1.59 1.54 1.69 
6/30/2012 NaN 1.51 1.34 1.55 1.66 1.50 1.43 1.58 
7/1/2012 NaN 1.51 1.32 1.54 1.64 1.50 1.42 1.57 
7/2/2012 NaN 1.32 1.31 1.33 1.47 1.28 1.22 1.39 
7/3/2012 NaN 1.22 1.32 1.32 1.34 1.22 1.13 1.27 
7/4/2012 NaN 1.23 1.35 1.36 1.34 1.25 1.15 1.27 
7/5/2012 NaN 1.24 1.32 1.40 1.34 1.26 1.16 1.28 
7/6/2012 NaN 1.24 1.30 1.37 1.36 1.26 1.15 1.27 
7/7/2012 NaN 1.24 1.27 1.41 1.35 1.27 1.16 1.28 
7/8/2012 NaN 1.22 1.28 1.33 1.34 1.22 1.13 1.26 
7/9/2012 NaN 1.18 1.32 1.34 1.29 1.20 1.10 1.20 
7/10/2012 NaN 1.13 1.35 1.22 1.28 1.12 1.05 1.18 
7/11/2012 NaN 1.17 1.43 1.25 1.29 1.15 1.07 1.19 
7/12/2012 NaN 1.23 1.52 1.30 1.33 1.21 1.11 1.23 
7/13/2012 NaN 1.22 1.52 1.24 1.32 1.19 1.10 1.23 
7/14/2012 NaN 1.18 1.51 1.23 1.28 1.16 1.07 1.19 
7/15/2012 NaN 1.24 1.53 1.27 1.32 1.22 1.12 1.26 
7/16/2012 NaN 1.33 1.54 1.37 1.40 1.33 1.21 1.34 
7/17/2012 NaN 1.33 1.54 1.36 1.41 1.31 1.21 1.36 
7/18/2012 NaN 1.25 1.55 1.28 1.37 1.24 1.16 1.29 
7/19/2012 NaN 1.25 1.57 1.24 1.42 1.23 1.21 1.35 
7/20/2012 NaN 1.19 1.80 1.18 1.38 1.15 1.16 1.32 
7/21/2012 NaN 1.21 2.01 1.25 1.38 1.20 1.18 1.32 
7/22/2012 NaN 1.36 1.96 1.42 1.50 1.37 1.33 1.44 
7/23/2012 NaN 1.39 1.91 1.44 1.53 1.40 1.37 1.48 
7/24/2012 NaN 1.29 1.87 1.35 1.45 1.31 1.27 1.39 
7/25/2012 NaN 1.27 1.83 1.36 1.43 1.31 1.24 1.34 
7/26/2012 NaN 1.27 1.80 1.36 1.44 1.31 1.24 1.35 
7/27/2012 NaN 1.37 1.78 1.40 1.54 1.39 1.34 1.45 
7/28/2012 NaN 1.24 1.76 1.22 1.44 1.23 1.21 1.35 
7/29/2012 NaN 1.15 1.73 1.19 1.33 1.17 1.13 1.26 
7/30/2012 NaN 1.17 1.71 1.29 1.34 1.24 1.15 1.25 
7/31/2012 NaN 1.10 1.68 1.21 1.28 1.15 1.07 1.18 
8/1/2012 1.17 1.05 1.65 1.19 1.23 1.12 1.03 1.13 
8/2/2012 1.10 1.02 1.63 1.21 1.20 1.10 1.00 1.09 
8/3/2012 1.14 1.13 1.62 1.31 1.30 1.22 1.11 1.19 
8/4/2012 1.21 1.16 1.62 1.32 1.35 1.23 1.14 1.22 
8/5/2012 1.20 1.11 1.62 1.26 1.31 1.17 1.08 1.19 
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8/6/2012 1.11 1.04 1.63 1.21 1.23 1.11 1.02 1.12 
8/7/2012 1.14 1.13 1.63 1.31 1.32 1.22 1.11 1.19 
8/8/2012 1.25 1.26 1.61 1.41 1.46 1.33 1.24 1.33 
8/9/2012 1.32 1.23 1.60 1.35 1.47 1.27 1.20 1.36 
8/10/2012 1.34 1.23 1.62 1.36 1.45 1.30 1.21 1.37 
8/11/2012 1.36 1.17 1.73 1.27 1.39 1.22 1.14 1.31 
8/12/2012 1.29 1.13 1.76 1.23 1.32 1.19 1.10 1.26 
8/13/2012 1.30 1.21 1.74 1.33 1.39 1.27 1.18 1.32 
8/14/2012 1.31 1.15 1.73 1.27 1.35 1.22 1.12 1.27 
8/15/2012 1.25 1.13 1.72 1.26 1.31 1.20 1.09 1.24 
8/16/2012 1.23 1.17 1.70 1.31 1.35 1.25 1.15 1.28 
8/17/2012 1.25 1.19 1.68 1.32 1.36 1.26 1.17 1.29 
8/18/2012 1.32 1.29 1.69 1.44 1.46 1.37 1.28 1.38 
8/19/2012 1.46 1.24 1.78 1.37 1.46 1.30 1.24 1.37 
8/20/2012 1.46 1.29 1.83 1.42 1.49 1.35 1.28 1.43 
8/21/2012 1.41 1.23 1.81 1.30 1.45 1.26 1.20 1.37 
8/22/2012 1.32 1.15 1.80 1.24 1.36 1.19 1.12 1.27 
8/23/2012 1.34 1.26 1.78 1.33 1.40 1.29 1.22 1.36 
8/24/2012 1.51 1.41 1.86 1.45 1.52 1.42 1.34 1.49 
8/25/2012 1.62 1.52 1.97 1.56 1.63 1.54 1.46 1.59 
8/26/2012 1.61 1.60 1.93 1.59 1.70 1.59 1.52 1.67 
8/27/2012 1.51 1.36 1.90 1.24 1.49 1.27 1.26 1.43 
8/28/2012 0.88 0.73 1.92 0.69 1.16 0.69 0.42 0.73 
8/29/2012 2.02 4.72 2.62 5.13 4.36 3.26 4.65 3.86 
8/30/2012 4.08 4.51 3.65 NaN 5.01 3.59 4.37 4.65 
8/31/2012 3.75 2.91 4.00 NaN 3.28 2.36 2.78 3.20 
9/1/2012 3.11 2.13 3.46 NaN 2.42 1.63 2.00 2.41 
9/2/2012 2.63 1.70 3.01 NaN 1.91 1.35 1.59 1.92 
9/3/2012 2.25 1.54 2.66 NaN 1.69 1.25 1.44 1.70 
9/4/2012 1.92 1.36 2.41 NaN 1.47 1.10 1.25 1.48 
9/5/2012 1.63 1.26 2.23 NaN 1.38 1.14 1.14 1.37 
9/6/2012 1.24 1.05 2.11 NaN 1.18 0.91 0.95 1.16 
9/7/2012 1.37 1.35 2.03 NaN 1.39 1.25 1.27 1.44 
9/8/2012 1.52 1.49 1.99 NaN 1.56 1.41 1.40 1.61 
9/9/2012 1.22 1.18 1.99 NaN 1.28 1.31 1.09 1.30 
9/10/2012 1.25 1.28 1.94 NaN 1.35 1.43 1.21 1.43 
9/11/2012 1.41 1.45 1.89 1.30 1.53 1.47 1.38  
9/12/2012 1.51 1.51 1.86 1.66 1.60 1.54 1.44 1.66 
9/13/2012 1.68 1.78 1.83 1.89 1.85 1.80 1.71 1.88 
9/14/2012 1.71 1.78 1.81 1.94 1.86 1.81 1.72 1.88 
9/15/2012 1.68 1.66 1.78 1.77 1.76 1.67 1.59 1.77 
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9/16/2012 1.64 1.69 1.76 1.86 1.76 1.72 1.62 1.77 
9/17/2012 1.91 2.00 1.81 2.19 2.07 2.04 1.94 2.08 
9/18/2012 1.91 1.69 1.85 1.64 1.88 1.59 1.56 1.82 
9/19/2012 1.51 1.38 1.82 1.41 1.50 1.33 1.28 1.49 
9/20/2012 1.43 1.34 1.80 1.35 1.47 1.30 1.24 1.46 
9/21/2012 1.45 1.44 1.77 1.55 1.52 1.44 1.36 1.54 
9/22/2012 1.45 1.37 1.75 1.35 1.49 1.31 1.26 1.50 
9/23/2012 1.30 1.25 1.73 1.29 1.35 1.21 1.14 1.35 
9/24/2012 1.21 1.18 1.71 1.23 1.28 1.14 1.07 1.27 
9/25/2012 1.22 1.25 1.69 1.38 1.32 1.27 1.16 1.33 
9/26/2012 1.35 1.35 1.67 1.46 1.43 1.35 1.27 1.44 
9/27/2012 1.38 1.38 1.74 1.46 1.47 1.37 1.29 1.45 
9/28/2012 1.43 1.44 1.86 1.57 1.51 1.45 1.36 1.51 
9/29/2012 1.47 1.37 2.02 1.49 1.48 1.37 1.29 1.48 
9/30/2012 1.76 1.78 2.07 2.02 1.83 1.86 1.74 1.88 
10/1/2012 1.84 1.49 2.07 1.38 1.73 1.35 1.34 1.67 
10/2/2012 1.23 0.97 2.04 1.07 1.08 0.95 0.87 1.10 
10/3/2012 1.26 1.19 2.01 1.26 1.27 1.18 1.10 1.27 
10/4/2012 1.26 1.16 1.99 1.14 1.28 1.09 1.04 1.24 
10/5/2012 1.13 1.11 1.96 1.21 1.18 1.09 1.01 1.17 
10/6/2012 1.15 1.16 1.94 1.24 1.24 1.14 1.05 1.21 
10/7/2012 0.86 0.96 1.92 0.96 1.08 0.88 0.83 1.04 
10/8/2012 0.65 0.82 1.90 1.03 0.85 0.85 0.73 0.87 
10/9/2012 0.80 0.92 1.89 1.10 0.95 0.95 0.84 0.98 
10/10/2012 1.00 1.07 1.87 1.21 1.12 1.07 0.97 1.14 
10/11/2012 1.00 1.02 1.86 1.12 1.08 0.99 0.92 1.09 
10/12/2012 1.08 1.14 1.85 1.25 1.19 1.12 1.05 1.19 
10/13/2012 1.20 1.25 1.83 1.39 1.28 1.25 1.16 1.29 
10/14/2012 1.37 1.37 1.82 1.48 1.42 1.34 1.27 1.43 
10/15/2012 1.24 1.21 1.81 1.24 1.32 1.14 1.08 1.27 
10/16/2012 1.08 1.18 1.79 1.36 1.24 1.20 1.09 1.21 
10/17/2012 1.51 1.64 1.78 1.87 1.64 1.69 1.57 1.68 
10/18/2012 1.58 1.60 1.77 1.59 1.74 1.53 1.47 1.68 
10/19/2012 1.40 1.34 1.75 1.37 1.44 1.27 1.24 1.44 
10/20/2012 1.28 1.28 1.74 1.40 1.37 1.27 1.18 1.36 
10/21/2012 1.34 1.36 1.72 1.48 1.44 1.35 1.27 1.44 
10/22/2012 1.34 1.35 1.71 1.46 1.42 1.32 1.25 1.44 
10/23/2012 1.42 1.49 1.70 1.65 1.54 1.49 1.41 1.56 
10/24/2012 1.55 1.61 1.69 1.73 1.65 1.58 1.52 1.69 
10/25/2012 1.62 1.68 1.68 1.81 1.72 1.65 1.60 1.75 
10/26/2012 1.50 1.51 1.67 1.61 1.58 1.45 1.41 1.60 
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10/27/2012 0.86 0.86 1.66 0.80 1.05 0.72 0.71 1.00 
10/28/2012 0.25 0.31 1.64 0.49 0.41 0.31 0.21 0.47 
10/29/2012 -0.17 0.17 1.63 0.27 0.13 0.35 0.13 0.15 
10/30/2012 0.14 0.40 1.62 0.76 0.58 0.55 0.38 0.44 
10/31/2012 0.47 0.56 1.61 0.82 0.82 0.65 0.53 0.67 
 
 
D.5.8. Tide stations 54-64 Data 
 
CRMS 
0263 
-H01 
CRMS 
0272 
-H01 
CRMS 
0276 
-H01 
CRMS 
0278 
-H01 
CRMS 
0278 
-M01 
CRMS 
0287 
-M01 
CRMS 
2608 
-H01 
CRMS 
2614 
-H01 
 -89.89 -89.69 -89.94 -90.23 -90.23 -90.01 -89.32 -89.32 
 29.55 29.42 29.62 29.81 29.81 29.69 29.23 29.34 
11/1/2011 0.67 0.75 0.75 0.50 0.50 0.50 1.41 1.63 
11/2/2011 0.97 1.02 0.93 0.54 0.54 0.54 1.50 1.57 
11/3/2011 0.98 1.01 0.95 0.69 0.69 0.69 1.57 1.69 
11/4/2011 0.42 0.62 0.44 0.71 0.71 0.71 1.33 1.60 
11/5/2011 0.56 0.78 0.53 0.67 0.67 0.67 1.42 1.64 
11/6/2011 0.93 1.06 0.75 0.64 0.64 0.64 1.68 2.00 
11/7/2011 1.05 1.19 0.86 0.72 0.72 0.72 1.69 1.87 
11/8/2011 1.37 1.47 1.24 0.91 0.91 0.91 1.91 1.88 
11/9/2011 1.41 1.43 1.33 1.16 1.16 1.16 1.89 1.91 
11/10/2011 0.31 0.74 0.71 1.07 1.07 1.07 1.54 2.38 
11/11/2011 0.59 0.82 0.55 0.87 0.87 0.87 1.53 1.53 
11/12/2011 0.85 0.89 0.73 0.77 0.77 0.77 1.43 1.21 
11/13/2011 1.03 1.17 0.90 0.79 0.79 0.79 1.68 1.57 
11/14/2011 1.30 1.43 1.15 0.87 0.87 0.87 1.91 1.81 
11/15/2011 1.48 1.59 1.35 1.04 1.04 1.04 2.00 1.83 
11/16/2011 1.77 1.82 1.67 1.32 1.32 1.32 2.06 1.65 
11/17/2011 0.90 0.71 1.03 1.21 1.21 1.21 1.51 2.03 
11/18/2011 0.79 1.01 0.65 1.00 1.00 1.00 1.68 1.98 
11/19/2011 1.14 1.27 1.00 0.94 0.94 0.94 1.76 1.98 
11/20/2011 1.30 1.43 1.16 1.00 1.00 1.00 1.85 1.98 
11/21/2011 1.23 1.34 1.10 1.06 1.06 1.06 1.76 1.76 
11/22/2011 1.51 1.66 1.40 1.17 1.17 1.17 2.02 1.77 
11/23/2011 1.24 1.05 1.20 1.24 1.24 1.24 1.60 1.89 
11/24/2011 0.89 0.91 0.80 1.08 1.08 1.08 1.71 2.02 
11/25/2011 1.10 1.12 0.97 1.01 1.01 1.01 1.76 1.68 
11/26/2011 1.62 1.72 1.43 1.17 1.17 1.17 2.24 1.98 
11/27/2011 1.52 1.43 1.55 1.39 1.39 1.39 2.13 1.98 
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11/28/2011 0.90 1.08 0.90 1.20 1.20 1.20 1.90 1.53 
11/29/2011 0.72 0.93 0.74 1.01 1.01 1.01 1.68 1.03 
11/30/2011 0.52 0.63 0.56 0.85 0.85 0.85 1.54 1.48 
12/1/2011 0.62 0.66 0.62 0.75 0.75 0.75 1.54 1.48 
12/2/2011 0.62 0.72 0.62 0.69 0.69 0.69 1.64 1.66 
12/3/2011 1.04 1.17 1.06 0.72 0.72 0.72 1.90 1.68 
12/4/2011 1.46 1.53 1.52 1.07 1.07 1.07 2.15 1.92 
12/5/2011 1.75 1.74 1.88 1.59 1.59 1.59 2.31 2.01 
12/6/2011 1.34 1.29 1.54 1.53 1.53 1.53 2.09 1.98 
12/7/2011 0.61 0.68 1.04 1.30 1.30 1.30 1.75 1.55 
12/8/2011 0.32 0.55 0.65 1.08 1.08 1.08 1.72 1.38 
12/9/2011 0.62 0.62 0.75 0.90 0.90 0.90 1.73 1.38 
12/10/2011 0.24 0.55 0.71 0.77 0.77 0.77 1.70 1.84 
12/11/2011 0.22 0.46 0.53 0.66 0.66 0.66 1.86 1.89 
12/12/2011 0.43 0.51 0.59 0.59 0.59 0.59 1.99 1.81 
12/13/2011 0.60 0.61 0.71 0.57 0.57 0.57 2.05 1.76 
12/14/2011 0.91 1.02 0.94 0.63 0.63 0.63 2.22 1.66 
12/15/2011 1.16 1.24 1.21 0.77 0.77 0.77 2.34 1.70 
12/16/2011 1.26 1.29 1.36 0.94 0.94 0.94 2.38 1.78 
12/17/2011 0.73 0.74 0.84 0.86 0.86 0.86 2.27 1.95 
12/18/2011 0.65 0.76 0.69 0.68 0.68 0.68 2.29 1.90 
12/19/2011 0.97 1.15 0.97 0.66 0.66 0.66 2.41 1.68 
12/20/2011 1.35 1.48 1.39 0.86 0.86 0.86 2.59 2.04 
12/21/2011 1.57 1.68 1.61 1.12 1.12 1.12 2.76 2.15 
12/22/2011 1.61 1.67 1.68 1.37 1.37 1.37 2.87 2.11 
12/23/2011 1.23 1.00 1.34 1.27 1.27 1.27 2.50 2.25 
12/24/2011 0.90 0.79 0.99 1.11 1.11 1.11 2.48 2.17 
12/25/2011 0.88 0.88 0.96 1.02 1.02 1.02 2.52 2.09 
12/26/2011 1.12 1.12 1.19 1.02 1.02 1.02 2.62 2.11 
12/27/2011 1.08 1.21 1.24 0.97 0.97 0.97 2.67 1.45 
12/28/2011 0.70 0.74 0.76 0.82 0.82 0.82 2.38 1.55 
12/29/2011 0.93 0.95 0.99 0.76 0.76 0.76 2.43 1.60 
12/30/2011 1.19 1.26 1.26 0.83 0.83 0.83 2.54 1.65 
12/31/2011 1.07 1.10 1.15 0.89 0.89 0.89 2.43 1.50 
1/1/2012 0.98 0.97 1.12 0.92 0.92 0.92 2.36 1.52 
1/2/2012 0.09 0.47 0.58 0.76 0.76 0.76 2.07 1.77 
1/3/2012 0.01 0.43 0.48 0.59 0.59 0.59 1.93 1.26 
1/4/2012 0.44 0.58 0.62 0.50 0.50 0.50 2.05 1.03 
1/5/2012 0.58 0.63 0.73 0.47 0.47 0.47 2.01 1.03 
1/6/2012 0.80 0.94 0.84 0.48 0.48 0.48 2.18 1.22 
1/7/2012 0.89 0.86 0.99 0.56 0.56 0.56 2.10 1.30 
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1/8/2012 1.00 0.99 1.09 0.66 0.66 0.66 2.17 1.44 
1/9/2012 0.92 0.88 1.03 0.76 0.76 0.76 2.13 1.43 
1/10/2012 1.28 1.20 1.41 0.94 0.94 0.94 2.30 1.68 
1/11/2012 1.34 1.53 1.52 1.17 1.17 1.17 2.56 1.20 
1/12/2012 0.74 0.75 1.04 1.01 1.01 1.01 2.13 1.36 
1/13/2012 0.07 0.24 NaN 0.93 0.93 0.93 1.82 1.42 
1/14/2012 0.22 0.35 0.53 0.86 0.86 0.86 1.70 0.98 
1/15/2012 0.27 0.39 0.54 0.80 0.80 0.80 1.63 0.88 
1/16/2012 0.61 0.70 0.70 0.75 0.75 0.75 1.71 1.10 
1/17/2012 0.93 1.07 1.03 0.70 0.70 0.70 1.88 1.31 
1/18/2012 0.78 0.73 0.90 0.72 0.72 0.72 1.75 1.76 
1/19/2012 0.83 0.89 0.90 0.70 0.70 0.70 1.84 1.46 
1/20/2012 1.12 1.13 1.22 0.70 0.70 0.70 1.87 1.29 
1/21/2012 1.20 1.08 1.34 0.80 0.80 0.80 1.73 1.21 
1/22/2012 1.19 1.11 1.29 0.91 0.91 0.91 1.78 1.30 
1/23/2012 1.26 1.18 1.40 1.06 1.06 1.06 1.74 1.26 
1/24/2012 0.92 0.74 1.00 1.00 1.00 1.00 1.62 1.73 
1/25/2012 1.21 1.13 1.29 1.02 1.02 1.02 1.81 1.54 
1/26/2012 1.51 1.50 1.76 1.40 1.40 1.40 2.09 1.42 
1/27/2012 0.75 0.72 0.94 1.24 1.24 1.24 1.68 1.26 
1/28/2012 0.56 0.56 0.69 1.02 1.02 1.02 1.53 1.12 
1/29/2012 0.06 0.01 0.44 0.81 0.81 0.81 1.34 1.49 
1/30/2012 0.38 0.53 0.68 0.67 0.67 0.67 1.57 1.19 
1/31/2012 0.63 0.67 0.70 0.60 0.60 0.60 1.66 1.24 
2/1/2012 0.90 0.95 0.98 0.69 0.69 0.69 1.90 1.50 
2/2/2012 0.86 0.80 0.94 0.88 0.88 0.88 1.86 1.46 
2/3/2012 0.95 0.96 1.02 0.95 0.95 0.95 2.03 1.66 
2/4/2012 1.10 0.99 1.26 1.09 1.09 1.09 2.04 1.58 
2/5/2012 0.88 0.80 1.03 1.04 1.04 1.04 2.10 1.86 
2/6/2012 0.56 0.59 0.74 0.85 0.85 0.85 2.08 1.83 
2/7/2012 0.77 0.84 0.83 0.72 0.72 0.72 2.15 1.68 
2/8/2012 0.70 0.65 0.83 0.66 0.66 0.66 2.07 1.61 
2/9/2012 0.58 0.64 0.68 0.59 0.59 0.59 2.17 1.88 
2/10/2012 0.85 0.92 0.96 0.63 0.63 0.63 2.32 1.63 
2/11/2012 0.07 0.18 0.69 0.63 0.63 0.63 2.13 1.84 
2/12/2012 -0.33 0.14 0.41 0.51 0.51 0.51 1.95 1.65 
2/13/2012 0.36 0.70 0.61 0.43 0.43 0.43 2.18 1.24 
2/14/2012 1.12 1.25 1.19 0.55 0.55 0.55 2.50 1.45 
2/15/2012 0.95 0.90 1.05 0.68 0.68 0.68 2.29 1.71 
2/16/2012 0.97 1.00 1.12 0.81 0.81 0.81 2.35 1.68 
2/17/2012 0.77 0.73 0.90 0.79 0.79 0.79 2.29 1.79 
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2/18/2012 1.14 1.21 1.21 0.94 0.94 0.94 2.59 1.87 
2/19/2012 1.13 1.07 1.42 1.26 1.26 1.26 2.43 1.68 
2/20/2012 0.48 0.46 0.64 1.22 1.22 1.22 2.02 1.50 
2/21/2012 0.81 0.79 0.91 1.14 1.14 1.14 2.00 1.35 
2/22/2012 1.05 1.09 1.14 1.06 1.06 1.06 2.06 1.40 
2/23/2012 1.41 1.40 1.54 1.00 1.00 1.00 2.20 1.26 
2/24/2012 1.05 0.86 1.26 1.02 1.02 1.02 1.96 1.68 
2/25/2012 0.17 0.10 0.52 0.97 0.97 0.97 1.65 2.02 
2/26/2012 0.68 0.69 0.69 0.88 0.88 0.88 1.75 1.73 
2/27/2012 0.57 0.66 0.63 0.82 0.82 0.82 1.85 2.06 
2/28/2012 0.82 0.89 0.90 0.78 0.78 0.78 1.74 1.41 
2/29/2012 0.97 1.00 1.13 0.77 0.77 0.77 1.69 1.29 
3/1/2012 1.01 1.05 1.21 0.81 0.81 0.81 1.68 1.05 
3/2/2012 1.30 1.35 1.51 0.92 0.92 0.92 1.87 1.07 
3/3/2012 0.99 0.86 1.24 1.12 1.12 1.12 1.80 1.85 
3/4/2012 0.37 0.54 0.63 0.90 0.90 0.90 1.54 1.32 
3/5/2012 0.45 0.53 0.68 0.71 0.71 0.71 1.26 0.54 
3/6/2012 0.35 0.33 0.61 0.59 0.59 0.59 1.13 1.07 
3/7/2012 0.89 0.83 0.92 0.59 0.59 0.59 1.57 1.54 
3/8/2012 1.37 1.32 1.46 0.93 0.93 0.93 1.89 1.77 
3/9/2012 0.96 0.71 1.13 1.20 1.20 1.20 1.59 1.95 
3/10/2012 0.83 0.83 0.91 1.01 1.01 1.01 1.83 2.34 
3/11/2012 1.27 1.22 1.31 1.03 1.03 1.03 1.92 1.81 
3/12/2012 1.34 1.30 1.44 1.23 1.23 1.23 2.02 1.97 
3/13/2012 1.38 1.31 1.53 1.32 1.32 1.32 2.00 1.67 
3/14/2012 1.24 1.08 1.38 1.30 1.30 1.30 1.86 1.56 
3/15/2012 1.11 1.00 1.28 1.25 1.25 1.25 1.88 1.51 
3/16/2012 1.06 0.98 1.23 1.19 1.19 1.19 1.89 1.43 
3/17/2012 1.14 1.12 1.30 1.16 1.16 1.16 2.00 1.45 
3/18/2012 1.25 1.12 1.43 1.23 1.23 1.23 2.01 1.41 
3/19/2012 1.39 1.22 1.54 1.42 1.42 1.42 2.13 1.55 
3/20/2012 1.86 1.64 1.99 1.90 1.90 1.90 2.45 1.91 
3/21/2012 2.35 1.98 2.54 2.42 2.42 2.42 2.67 2.20 
3/22/2012 1.58 1.25 1.92 2.04 2.04 2.04 2.42 2.22 
3/23/2012 1.57 1.44 1.81 1.98 1.98 1.98 2.42 1.89 
3/24/2012 1.42 1.42 1.59 1.70 1.70 1.70 2.41 1.74 
3/25/2012 1.15 1.16 1.34 1.45 1.45 1.45 2.30 1.80 
3/26/2012 1.02 0.99 1.20 1.32 1.32 1.32 2.24 1.56 
3/27/2012 1.04 1.04 1.16 1.23 1.23 1.23 2.22 1.40 
3/28/2012 1.11 1.04 1.22 1.20 1.20 1.20 2.21 1.41 
3/29/2012 1.23 1.19 1.35 1.23 1.23 1.23 2.35 1.71 
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3/30/2012 1.38 1.46 1.52 1.27 1.27 1.27 2.52 1.80 
3/31/2012 1.42 1.37 1.59 1.32 1.32 1.32 2.47 1.62 
4/1/2012 1.36 1.35 1.50 1.26 1.26 1.26 2.44 1.55 
4/2/2012 1.57 1.55 1.69 1.40 1.40 1.40 2.53 1.57 
4/3/2012 1.73 1.45 1.92 1.75 1.75 1.75 2.52 1.81 
4/4/2012 1.48 1.24 1.74 1.87 1.87 1.87 2.58 2.19 
4/5/2012 1.52 1.45 1.73 1.72 1.72 1.72 2.69 1.73 
4/6/2012 1.09 1.03 1.30 1.49 1.49 1.49 2.47 2.03 
4/7/2012 1.14 1.15 1.27 1.36 1.36 1.36 2.46 2.12 
4/8/2012 1.25 1.21 1.43 1.34 1.34 1.34 2.38 1.82 
4/9/2012 1.23 1.26 1.42 1.33 1.33 1.33 2.37 1.73 
4/10/2012 1.21 1.25 1.38 1.27 1.27 1.27 2.36 1.81 
4/11/2012 1.15 1.20 1.36 1.27 1.27 1.27 2.28 1.76 
4/12/2012 1.04 1.06 1.17 1.27 1.27 1.27 2.20 2.15 
4/13/2012 1.29 1.40 1.44 1.25 1.25 1.25 2.23 1.71 
4/14/2012 1.50 1.46 1.63 1.45 1.45 1.45 2.20 1.74 
4/15/2012 2.05 1.90 2.18 1.87 1.87 1.87 2.42 1.86 
4/16/2012 1.84 1.64 2.05 2.03 2.03 2.03 2.22 1.90 
4/17/2012 1.70 1.43 1.87 1.85 1.85 1.85 2.18 2.10 
4/18/2012 0.94 1.01 1.15 1.55 1.55 1.55 2.05 2.28 
4/19/2012 1.25 1.38 1.33 1.38 1.38 1.38 2.18 2.05 
4/20/2012 1.47 1.54 1.51 1.33 1.33 1.33 2.18 1.71 
4/21/2012 1.48 1.59 1.52 1.41 1.41 1.41 2.31 2.17 
4/22/2012 0.68 0.76 0.83 1.34 1.34 1.34 1.98 2.35 
4/23/2012 0.39 0.59 0.55 1.23 1.23 1.23 1.76 1.81 
4/24/2012 0.67 0.92 0.90 1.09 1.09 1.09 1.69 1.25 
4/25/2012 0.95 1.18 1.05 0.98 0.98 0.98 1.78 0.85 
4/26/2012 1.27 1.46 1.32 0.94 0.94 0.94 1.93 0.75 
4/27/2012 1.25 1.21 1.30 0.98 0.98 0.98 1.70 0.92 
4/28/2012 1.28 1.31 1.34 1.02 1.02 1.02 1.75 1.06 
4/29/2012 1.18 1.06 1.29 1.11 1.11 1.11 1.58 1.17 
4/30/2012 1.10 1.05 1.20 1.15 1.15 1.15 1.60 1.28 
5/1/2012 1.00 0.96 1.09 1.11 1.11 1.11 1.58 1.49 
5/2/2012 1.48 1.42 1.62 1.25 1.25 1.25 1.93 1.80 
5/3/2012 1.49 1.39 1.64 1.41 1.41 1.41 1.94 1.99 
5/4/2012 1.37 1.29 1.50 1.33 1.33 1.33 1.86 1.89 
5/5/2012 1.35 1.37 1.44 1.27 1.27 1.27 1.93 1.75 
5/6/2012 1.38 1.44 1.47 1.24 1.24 1.24 1.98 1.77 
5/7/2012 1.40 1.48 1.50 1.23 1.23 1.23 2.08 1.88 
5/8/2012 1.43 1.44 1.51 1.24 1.24 1.24 2.05 1.87 
5/9/2012 1.27 1.30 1.39 1.23 1.23 1.23 2.01 1.90 
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5/10/2012 1.10 1.17 1.15 1.14 1.14 1.14 1.95 2.08 
5/11/2012 1.54 1.64 1.55 1.15 1.15 1.15 2.12 1.87 
5/12/2012 1.81 1.74 1.93 1.52 1.52 1.52 2.10 1.62 
5/13/2012 1.36 1.29 1.52 1.45 1.45 1.45 1.88 1.68 
5/14/2012 1.12 1.24 1.19 1.31 1.31 1.31 1.94 1.93 
5/15/2012 1.23 1.32 1.29 1.21 1.21 1.21 2.04 1.83 
5/16/2012 1.19 1.30 1.32 1.14 1.14 1.14 2.02 1.93 
5/17/2012 1.16 1.21 1.26 1.10 1.10 1.10 2.02 1.99 
5/18/2012 1.17 1.25 1.26 1.06 1.06 1.06 2.04 1.88 
5/19/2012 1.24 1.26 1.33 1.03 1.03 1.03 1.97 1.83 
5/20/2012 1.22 1.24 1.34 1.04 1.04 1.04 1.99 1.87 
5/21/2012 1.16 1.21 1.33 1.02 1.02 1.02 1.91 1.58 
5/22/2012 1.02 1.11 1.19 0.95 0.95 0.95 1.93 1.49 
5/23/2012 1.10 1.26 1.22 0.90 0.90 0.90 2.05 1.47 
5/24/2012 1.37 1.46 1.45 0.89 0.89 0.89 2.08 1.43 
5/25/2012 1.40 1.30 1.51 1.00 1.00 1.00 1.84 1.44 
5/26/2012 1.12 1.07 1.28 1.05 1.05 1.05 1.68 1.54 
5/27/2012 1.08 1.16 1.21 1.00 1.00 1.00 1.82 1.68 
5/28/2012 0.98 1.09 1.10 0.93 0.93 0.93 1.81 1.64 
5/29/2012 0.81 1.02 0.91 0.84 0.84 0.84 1.77 1.27 
5/30/2012 0.81 1.01 0.87 0.75 0.75 0.75 1.68 1.08 
5/31/2012 1.06 1.15 1.14 0.75 0.75 0.75 1.75 1.10 
6/1/2012 1.08 1.10 1.20 0.93 0.93 0.93 1.69 1.38 
6/2/2012 0.86 0.92 0.97 0.87 0.87 0.87 1.60 1.66 
6/3/2012 1.08 1.17 1.20 0.82 0.82 0.82 1.69 1.24 
6/4/2012 1.15 1.24 1.25 0.80 0.80 0.80 1.68 1.16 
6/5/2012 1.25 1.47 1.33 0.80 0.80 0.80 1.90 1.30 
6/6/2012 1.32 1.39 1.40 0.82 0.82 0.82 1.77 1.34 
6/7/2012 1.25 1.25 1.34 0.85 0.85 0.85 1.74 1.67 
6/8/2012 1.23 1.24 1.31 0.92 0.92 0.92 1.74 1.93 
6/9/2012 1.57 1.73 1.62 1.08 1.08 1.08 2.06 1.91 
6/10/2012 2.07 2.02 2.20 1.66 1.66 1.66 2.07 1.45 
6/11/2012 1.76 1.58 1.92 1.68 1.68 1.68 1.76 1.25 
6/12/2012 1.23 1.17 1.41 1.49 1.49 1.49 1.55 1.54 
6/13/2012 1.09 1.17 1.21 1.32 1.32 1.32 1.65 1.52 
6/14/2012 1.02 1.05 1.14 1.21 1.21 1.21 1.60 1.53 
6/15/2012 1.03 1.11 1.08 1.14 1.14 1.14 1.76 2.01 
6/16/2012 1.23 1.34 1.22 1.08 1.08 1.08 2.02 2.48 
6/17/2012 1.70 1.80 1.72 1.30 1.30 1.30 2.19 2.24 
6/18/2012 1.99 1.97 2.03 1.72 1.72 1.72 2.27 2.12 
6/19/2012 1.99 1.85 2.07 1.90 1.90 1.90 2.17 2.18 
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6/20/2012 1.85 1.78 1.94 1.88 1.88 1.88 2.21 2.37 
6/21/2012 1.74 1.72 1.83 1.76 1.76 1.76 2.27 2.66 
6/22/2012 1.76 1.90 1.81 1.67 1.67 1.67 2.46 2.83 
6/23/2012 1.94 2.05 1.98 1.72 1.72 1.72 2.62 2.99 
6/24/2012 1.83 1.95 1.91 1.71 1.71 1.71 2.73 3.76 
6/25/2012 2.15 2.45 2.15 1.68 1.68 1.68 3.06 3.69 
6/26/2012 2.22 2.31 2.30 1.84 1.84 1.84 2.73 2.85 
6/27/2012 2.03 2.05 2.13 1.84 1.84 1.84 2.42 2.45 
6/28/2012 1.95 1.84 2.08 1.81 1.81 1.81 2.10 1.86 
6/29/2012 1.74 1.66 1.89 1.70 1.70 1.70 1.94 1.68 
6/30/2012 1.65 1.63 1.78 1.60 1.60 1.60 1.93 1.63 
7/1/2012 1.67 1.65 1.80 1.55 1.55 1.55 1.88 1.56 
7/2/2012 1.46 1.43 1.60 1.47 1.47 1.47 1.75 1.54 
7/3/2012 1.36 1.45 1.47 1.36 1.36 1.36 1.85 1.79 
7/4/2012 1.37 1.41 1.48 1.30 1.30 1.30 1.85 1.70 
7/5/2012 1.38 1.47 1.48 1.24 1.24 1.24 1.86 1.72 
7/6/2012 1.39 1.45 1.50 1.21 1.21 1.21 1.82 1.71 
7/7/2012 1.38 1.46 1.47 1.17 1.17 1.17 1.84 1.70 
7/8/2012 1.36 1.38 1.46 1.23 1.23 1.23 1.71 1.55 
7/9/2012 1.32 1.40 1.42 1.27 1.27 1.27 1.73 1.53 
7/10/2012 1.30 1.32 1.43 1.27 1.27 1.27 1.62 1.42 
7/11/2012 1.29 1.26 1.43 1.25 1.25 1.25 1.58 1.47 
7/12/2012 1.34 1.35 1.46 1.21 1.21 1.21 1.69 1.55 
7/13/2012 1.31 1.31 1.44 1.24 1.24 1.24 1.68 1.64 
7/14/2012 1.27 1.30 1.37 1.22 1.22 1.22 1.76 1.88 
7/15/2012 1.33 1.34 1.43 1.18 1.18 1.18 1.78 1.83 
7/16/2012 1.41 1.40 1.51 1.19 1.19 1.19 1.79 1.75 
7/17/2012 1.43 1.44 1.53 1.23 1.23 1.23 1.81 1.69 
7/18/2012 1.39 1.40 1.50 1.25 1.25 1.25 1.74 1.71 
7/19/2012 1.39 1.33 1.51 1.32 1.32 1.32 1.75 1.63 
7/20/2012 1.36 1.41 1.52 1.46 1.46 1.46 1.84 1.50 
7/21/2012 1.33 1.38 1.44 1.51 1.51 1.51 1.80 1.60 
7/22/2012 1.47 1.47 1.56 1.43 1.43 1.43 1.86 1.87 
7/23/2012 1.44 1.45 1.55 1.41 1.41 1.41 1.84 1.95 
7/24/2012 1.44 1.47 1.56 1.38 1.38 1.38 1.86 1.86 
7/25/2012 1.47 1.55 1.57 1.31 1.31 1.31 1.95 1.79 
7/26/2012 1.49 1.56 1.59 1.29 1.29 1.29 1.96 1.70 
7/27/2012 1.59 1.61 1.69 1.34 1.34 1.34 1.96 1.70 
7/28/2012 1.45 1.41 1.58 1.34 1.34 1.34 1.79 1.63 
7/29/2012 1.37 1.40 1.49 1.28 1.28 1.28 1.77 1.53 
7/30/2012 1.42 1.51 1.51 1.23 1.23 1.23 1.87 1.49 
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7/31/2012 1.35 1.41 1.45 1.18 1.18 1.18 1.77 1.47 
8/1/2012 1.33 1.44 1.42 1.11 1.11 1.11 1.81 1.47 
8/2/2012 1.28 1.42 1.37 1.03 1.03 1.03 1.77 1.56 
8/3/2012 1.37 1.45 1.44 1.01 1.01 1.01 1.80 1.60 
8/4/2012 1.35 1.39 1.44 1.07 1.07 1.07 1.77 1.76 
8/5/2012 1.27 1.30 1.36 1.14 1.14 1.14 1.69 1.73 
8/6/2012 1.21 1.28 1.29 1.21 1.21 1.21 1.69 1.71 
8/7/2012 1.32 1.42 1.39 1.20 1.20 1.20 1.81 1.80 
8/8/2012 1.45 1.51 1.55 1.15 1.15 1.15 1.87 1.76 
8/9/2012 1.44 1.50 1.58 1.19 1.19 1.19 1.84 1.61 
8/10/2012 1.49 1.61 1.57 1.22 1.22 1.22 1.92 1.47 
8/11/2012 1.37 1.49 1.50 1.23 1.23 1.23 1.87 1.57 
8/12/2012 1.29 1.37 1.43 1.17 1.17 1.17 1.81 1.64 
8/13/2012 1.41 1.53 1.54 1.15 1.15 1.15 1.85 1.52 
8/14/2012 1.42 1.53 1.57 1.15 1.15 1.15 1.80 1.30 
8/15/2012 1.33 1.44 1.48 1.11 1.11 1.11 1.79 1.48 
8/16/2012 1.35 1.44 1.48 1.09 1.09 1.09 1.76 1.52 
8/17/2012 1.35 1.48 1.50 1.10 1.10 1.10 1.81 1.69 
8/18/2012 1.48 1.63 1.63 1.18 1.18 1.18 1.95 1.70 
8/19/2012 1.42 1.52 1.58 1.34 1.34 1.34 1.87 1.56 
8/20/2012 1.42 1.53 1.57 1.33 1.33 1.33 1.89 1.71 
8/21/2012 1.32 1.35 1.47 1.28 1.28 1.28 1.72 1.92 
8/22/2012 1.24 1.32 1.38 1.21 1.21 1.21 1.78 1.99 
8/23/2012 1.35 1.39 1.49 1.19 1.19 1.19 1.80 1.78 
8/24/2012 1.47 1.50 1.62 1.29 1.29 1.29 1.82 1.75 
8/25/2012 1.54 1.56 1.68 1.39 1.39 1.39 1.89 1.95 
8/26/2012 1.59 1.56 1.75 1.45 1.45 1.45 1.94 2.17 
8/27/2012 1.31 1.28 1.49 1.38 1.38 1.38 1.90 2.75 
8/28/2012 0.08 0.32 0.66 1.30 1.30 1.30 3.29 4.59 
8/29/2012 2.89 4.56 2.27 2.19 2.19 2.19 3.12 3.47 
8/30/2012 NaN 3.63 NaN 4.36 4.36 4.36 1.70 2.43 
8/31/2012 NaN 2.40 NaN 3.60 3.60 3.60 0.72 2.12 
9/1/2012 1.89 1.80 NaN 2.83 2.83 2.83 NaN 1.83 
9/2/2012 1.71 1.68 NaN 2.27 2.27 2.27 NaN 1.69 
9/3/2012 1.68 1.72 NaN 1.88 1.88 1.88 NaN 1.65 
9/4/2012 1.57 1.67 NaN 1.58 1.58 1.58 NaN 1.45 
9/5/2012 1.51 1.59 NaN 1.34 1.34 1.34 NaN 1.53 
9/6/2012 1.15 1.17 NaN 1.04 1.04 1.04 NaN 2.17 
9/7/2012 1.40 1.46 NaN 1.26 1.26 1.26 NaN 2.22 
9/8/2012 1.60 1.69 NaN 1.39 1.39 1.39 NaN 2.28 
9/9/2012 1.20 1.32 NaN 1.08 1.08 1.08 NaN 2.46 
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9/10/2012 1.36 1.44 NaN 1.15 1.15 1.15 NaN 2.11 
9/11/2012 1.54 1.55 1.63 1.33 1.33 1.33 NaN 2.08 
9/12/2012 1.62 1.64 1.68 1.44 1.44 1.44 NaN 2.42 
9/13/2012 1.83 1.82 1.88 1.64 1.64 1.64 NaN 2.55 
9/14/2012 1.84 1.88 1.88 1.65 1.65 1.65 NaN 2.72 
9/15/2012 1.73 1.76 1.81 1.61 1.61 1.61 NaN 2.45 
9/16/2012 1.81 1.88 1.84 1.58 1.58 1.58 NaN 2.35 
9/17/2012 2.23 2.27 2.28 1.91 1.91 1.91 NaN 2.07 
9/18/2012 1.86 1.78 2.05 1.79 1.79 1.79 NaN 2.12 
9/19/2012 1.42 1.38 1.52 1.40 1.40 1.40 1.92 2.17 
9/20/2012 1.39 1.30 1.49 1.35 1.35 1.35 1.70 1.83 
9/21/2012 1.52 1.53 1.59 1.38 1.38 1.38 1.85 1.83 
9/22/2012 1.45 1.33 1.58 1.38 1.38 1.38 1.62 1.60 
9/23/2012 1.34 1.29 1.44 1.23 1.23 1.23 1.64 1.66 
9/24/2012 1.26 1.24 1.34 1.12 1.12 1.12 1.58 1.58 
9/25/2012 1.34 1.36 1.38 1.16 1.16 1.16 1.69 1.73 
9/26/2012 1.44 1.44 1.48 1.29 1.29 1.29 1.76 1.82 
9/27/2012 1.47 1.45 1.52 1.32 1.32 1.32 1.76 1.83 
9/28/2012 1.57 1.57 1.60 1.37 1.37 1.37 1.83 1.74 
9/29/2012 1.48 1.49 1.54 1.41 1.41 1.41 1.76 1.69 
9/30/2012 2.06 2.11 2.08 1.75 1.75 1.75 2.22 1.45 
10/1/2012 1.81 1.74 2.07 1.72 1.72 1.72 2.00 1.31 
10/2/2012 1.08 1.19 1.18 1.13 1.13 1.13 1.59 1.67 
10/3/2012 1.27 1.23 1.32 1.20 1.20 1.20 1.57 1.63 
10/4/2012 1.20 1.11 1.30 1.20 1.20 1.20 1.52 1.77 
10/5/2012 1.18 1.22 1.24 1.06 1.06 1.06 1.64 1.83 
10/6/2012 1.27 1.27 1.32 1.08 1.08 1.08 1.66 1.75 
10/7/2012 0.95 0.98 1.14 0.80 0.80 0.80 1.60 2.06 
10/8/2012 0.89 1.09 0.93 0.61 0.61 0.61 1.68 2.07 
10/9/2012 1.03 1.11 1.03 0.70 0.70 0.70 1.59 1.78 
10/10/2012 1.17 1.21 1.19 0.89 0.89 0.89 1.60 1.71 
10/11/2012 1.07 1.08 1.12 0.93 0.93 0.93 1.47 1.62 
10/12/2012 1.19 1.20 1.22 1.00 1.00 1.00 1.58 1.73 
10/13/2012 1.34 1.38 1.35 1.13 1.13 1.13 1.68 1.67 
10/14/2012 1.47 1.49 1.53 1.30 1.30 1.30 1.73 1.75 
10/15/2012 1.33 1.33 1.42 1.20 1.20 1.20 1.69 1.75 
10/16/2012 1.23 1.31 1.22 1.02 1.02 1.02 1.83 2.16 
10/17/2012 1.82 1.87 1.81 1.44 1.44 1.44 2.04 1.74 
10/18/2012 1.75 1.61 1.83 1.55 1.55 1.55 1.94 2.02 
10/19/2012 1.46 1.43 1.56 1.32 1.32 1.32 1.88 2.07 
10/20/2012 1.45 1.47 1.49 1.20 1.20 1.20 1.85 1.86 
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10/21/2012 1.48 1.44 1.50 1.27 1.27 1.27 1.76 1.87 
10/22/2012 1.43 1.42 1.46 1.28 1.28 1.28 1.81 2.03 
10/23/2012 1.57 1.59 1.57 1.34 1.34 1.34 2.01 2.25 
10/24/2012 1.66 1.67 1.69 1.48 1.48 1.48 2.02 2.27 
10/25/2012 1.75 1.78 1.78 1.56 1.56 1.56 2.10 2.29 
10/26/2012 1.59 1.65 1.64 1.45 1.45 1.45 2.00 2.21 
10/27/2012 0.88 0.90 1.20 0.89 0.89 0.89 1.57 2.14 
10/28/2012 0.40 0.67 NaN 0.55 0.55 0.55 1.39 2.01 
10/29/2012 0.14 0.47 NaN 0.41 0.41 0.41 1.27 1.81 
10/30/2012 0.67 0.97 0.90 0.36 0.36 0.36 1.41 1.28 
10/31/2012 0.85 0.98 0.95 0.41 0.41 0.41 1.33 0.92 
 
D.5.9. Tide stations 65-72 Data 
  
CRMS 
2634 
-H01 
CRMS 
3054 
-H01 
CRMS 
3565 
-W01 
CRMS 
3590 
-H01 
CRMS 
3601 
-H01 
CRMS 
3617 
-H01 
CRMS 
3985 
-H01 
CRMS 
4103 
-H01 
 -89.26 -90.36 -90.10 -89.95 -89.95 -89.91 -90.15 -90.04 
  29.23 29.72 29.50 29.48 29.57 29.55 29.72 29.66 
11/1/2011 2.14 0.54 0.99 0.86 0.84 0.77 0.61 0.73 
11/2/2011 2.13 0.82 1.28 1.16 1.14 1.07 0.90 1.02 
11/3/2011 2.24 0.85 1.30 0.92 1.14 1.08 1.03 1.11 
11/4/2011 2.15 0.35 1.12 0.58 0.56 0.53 0.45 0.56 
11/5/2011 2.15 0.41 1.01 0.81 0.71 0.68 0.45 0.55 
11/6/2011 2.42 0.85 1.06 1.16 1.11 1.04 0.86 0.96 
11/7/2011 2.37 1.03 1.32 1.28 1.23 1.15 1.07 1.14 
11/8/2011 2.43 1.25 1.53 1.52 1.53 1.46 1.35 1.45 
11/9/2011 2.51 1.31 1.50 1.43 1.56 1.52 1.41 1.54 
11/10/2011 2.84 0.65 1.26 0.33 0.48 0.46 0.62 0.71 
11/11/2011 2.13 0.35 1.09 0.80 0.74 0.68 0.49 0.60 
11/12/2011 1.92 0.70 1.10 0.97 1.00 0.92 0.79 0.93 
11/13/2011 2.17 0.86 1.31 1.15 1.17 1.11 0.96 1.09 
11/14/2011 2.40 1.01 1.43 1.39 1.43 1.37 1.14 1.30 
11/15/2011 2.43 1.21 1.54 1.56 1.61 1.54 1.35 1.52 
11/16/2011 2.38 1.36 1.66 1.71 1.88 1.82 1.58 1.76 
11/17/2011 2.50 1.06 1.41 0.77 1.07 1.03 1.26 1.21 
11/18/2011 2.41 0.78 1.17 1.08 0.96 0.90 NaN 0.82 
11/19/2011 2.42 1.00 1.32 1.30 1.30 1.23 NaN 1.16 
11/20/2011 2.46 1.12 1.41 1.43 1.45 1.40 NaN 1.31 
11/21/2011 2.30 1.17 1.42 1.37 1.39 1.32 NaN 1.32 
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11/22/2011 2.38 1.33 1.57 1.62 1.65 1.60 NaN 1.54 
11/23/2011 2.37 1.26 1.45 1.14 1.39 1.36 NaN 1.41 
11/24/2011 2.45 1.05 1.37 1.08 1.07 1.02 NaN 1.07 
11/25/2011 2.27 1.14 1.43 1.25 1.25 1.20 NaN 1.19 
11/26/2011 2.58 1.40 1.73 1.84 1.76 1.69 NaN 1.57 
11/27/2011 2.63 1.39 1.61 1.33 1.64 1.64 NaN 1.66 
11/28/2011 2.43 0.74 1.20 0.80 0.99 0.99 NaN 1.01 
11/29/2011 2.13 0.48 1.08 0.69 0.83 0.81 NaN 0.78 
11/30/2011 2.22 0.45 0.99 0.65 0.66 0.62 NaN 0.60 
12/1/2011 2.23 0.62 0.94 0.76 0.77 0.72 NaN 0.69 
12/2/2011 2.33 0.62 0.91 0.79 0.78 0.74 NaN 0.70 
12/3/2011 2.39 0.93 1.08 1.23 1.20 1.13 NaN 1.04 
12/4/2011 2.56 1.41 1.61 1.62 1.63 1.55 NaN 1.53 
12/5/2011 2.66 1.65 1.82 1.81 1.91 1.84 NaN 1.85 
12/6/2011 2.70 1.44 1.44 1.26 1.49 1.47 NaN 1.58 
12/7/2011 2.52 0.88 1.27 0.46 0.74 0.75 NaN 0.98 
12/8/2011 2.33 0.48 1.09 0.60 0.47 0.42 NaN 0.43 
12/9/2011 2.36 0.59 1.04 0.66 0.75 0.70 NaN 0.71 
12/10/2011 2.62 0.46 0.98 0.33 0.47 0.34 NaN 0.50 
12/11/2011 2.68 0.33 0.92 0.40 0.38 0.33 NaN 0.35 
12/12/2011 2.63 0.37 0.89 0.63 0.58 0.52 NaN 0.46 
12/13/2011 2.61 0.55 0.95 0.80 0.77 0.70 NaN 0.66 
12/14/2011 2.61 0.75 1.22 1.07 1.06 0.99 NaN 0.91 
12/15/2011 2.64 0.95 1.33 1.26 1.29 1.23 NaN 1.16 
12/16/2011 2.67 1.10 1.38 1.31 1.40 1.35 NaN 1.30 
12/17/2011 2.77 0.76 1.22 0.80 0.87 0.84 NaN 0.88 
12/18/2011 2.74 0.54 1.08 0.88 0.80 0.75 NaN 0.65 
12/19/2011 2.67 0.79 1.18 1.18 1.11 1.05 NaN 0.94 
12/20/2011 2.88 1.09 1.47 1.47 1.47 1.41 NaN 1.31 
12/21/2011 3.01 1.29 1.59 1.65 1.69 1.63 NaN 1.52 
12/22/2011 3.06 1.41 1.61 1.66 1.74 1.68 NaN 1.65 
12/23/2011 3.06 1.29 1.48 1.15 1.38 1.33 NaN 1.39 
12/24/2011 2.99 1.11 1.39 1.05 1.09 1.01 NaN 1.09 
12/25/2011 2.98 1.08 1.39 1.06 1.07 0.99 NaN 1.06 
12/26/2011 2.98 1.08 1.39 1.21 1.27 1.21 NaN 1.18 
12/27/2011 2.84 0.76 1.26 0.88 1.16 1.14 NaN 1.09 
12/28/2011 2.63 0.59 1.09 0.77 0.82 0.76 NaN 0.76 
12/29/2011 2.66 0.78 1.07 1.01 1.06 0.99 NaN 0.95 
12/30/2011 2.68 0.93 1.14 1.24 1.31 1.25 NaN 1.17 
12/31/2011 2.60 0.95 1.17 1.12 1.21 1.14 NaN 1.13 
1/1/2012 2.60 0.97 1.19 0.97 1.13 1.08 NaN 1.10 
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1/2/2012 2.79 0.43 1.05 0.12 0.37 0.20 NaN 0.48 
1/3/2012 2.47 0.05 0.94 0.11 0.32 0.18 NaN 0.17 
1/4/2012 2.41 0.17 0.87 0.60 0.57 0.51 NaN 0.36 
1/5/2012 2.38 0.39 0.87 0.60 0.72 0.66 NaN 0.62 
1/6/2012 2.45 0.49 0.91 0.91 0.93 0.88 NaN 0.74 
1/7/2012 2.45 0.70 1.21 0.90 1.04 0.97 NaN 0.95 
1/8/2012 2.51 0.82 1.26 1.02 1.15 1.07 NaN 1.05 
1/9/2012 2.48 0.91 1.26 0.96 1.10 1.01 NaN 1.07 
1/10/2012 2.61 1.19 1.44 1.37 1.48 1.35 NaN 1.39 
1/11/2012 2.58 0.98 1.30 1.10 1.43 1.40 NaN 1.39 
1/12/2012 2.48 0.75 1.15 0.57 0.89 0.85 NaN 1.04 
1/13/2012 2.44 0.15 1.00 0.18 0.22 0.16 NaN 0.33 
1/14/2012 2.25 -0.01 0.91 0.31 0.37 0.30 NaN 0.26 
1/15/2012 2.19 0.07 0.85 0.41 0.42 0.35 NaN 0.30 
1/16/2012 2.21 0.35 0.83 0.74 0.77 0.67 NaN 0.58 
1/17/2012 2.30 0.65 0.95 1.05 1.09 1.00 NaN 0.93 
1/18/2012 2.49 0.71 1.18 0.78 0.95 0.88 NaN 0.90 
1/19/2012 2.31 0.68 1.13 0.94 0.98 0.90 NaN 0.87 
1/20/2012 2.22 0.82 1.03 1.12 1.26 1.16 NaN 1.12 
1/21/2012 2.14 0.98 1.03 1.10 1.33 1.24 NaN 1.26 
1/22/2012 2.17 1.02 1.04 1.16 1.33 1.21 NaN 1.28 
1/23/2012 2.14 1.16 1.07 1.19 1.40 1.31 1.11 1.37 
1/24/2012 2.27 1.09 1.01 0.98 1.11 0.99 1.04 1.14 
1/25/2012 2.30 1.19 1.10 1.32 1.39 1.24 1.25 1.33 
1/26/2012 2.33 1.38 1.28 1.43 1.68 1.59 1.60 1.68 
1/27/2012 2.22 0.89 1.08 0.74 0.89 0.85 0.96 1.06 
1/28/2012 2.12 0.61 1.05 0.63 0.71 0.66 0.66 0.71 
1/29/2012 2.21 0.26 0.95 0.23 0.23 0.16 0.24 0.27 
1/30/2012 2.17 0.25 0.89 0.63 0.53 0.46 0.29 0.33 
1/31/2012 2.23 0.48 0.88 0.79 0.79 0.71 0.55 0.64 
2/1/2012 2.39 0.71 0.96 1.03 1.05 0.98 0.81 0.91 
2/2/2012 2.40 0.86 1.16 0.97 1.01 0.94 0.92 0.99 
2/3/2012 2.51 1.06 1.33 1.14 1.12 1.03 1.07 1.08 
2/4/2012 2.51 1.15 1.37 1.13 1.28 1.19 1.24 1.27 
2/5/2012 2.69 0.95 1.27 0.88 1.04 0.99 1.01 1.06 
2/6/2012 2.66 0.59 1.13 0.69 0.72 0.66 0.63 0.67 
2/7/2012 2.57 0.61 1.03 0.92 0.92 0.87 0.70 0.76 
2/8/2012 2.54 0.62 1.07 0.73 0.86 0.81 0.71 0.79 
2/9/2012 2.70 0.53 0.98 0.80 0.77 0.71 0.57 0.62 
2/10/2012 2.64 0.72 1.07 0.98 1.03 0.98 0.83 0.89 
2/11/2012 2.82 0.36 1.04 0.14 0.37 0.27 0.40 0.48 
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2/12/2012 2.69 -0.15 0.90 -0.01 0.22 0.10 -0.22 -0.15 
2/13/2012 2.44 0.03 0.85 0.77 0.56 0.47 0.06 0.12 
2/14/2012 2.57 0.58 1.22 1.25 1.30 1.23 0.79 0.94 
2/15/2012 2.58 0.80 1.26 1.05 1.16 1.06 0.91 1.05 
2/16/2012 2.61 0.89 1.29 1.03 1.17 1.10 1.02 1.09 
2/17/2012 2.64 0.79 1.23 0.89 0.99 0.90 0.89 0.96 
2/18/2012 2.77 1.05 1.38 1.29 1.34 1.23 1.15 1.20 
2/19/2012 2.73 1.11 1.23 0.88 1.29 1.24 1.31 1.37 
2/20/2012 2.44 0.71 1.04 0.63 0.66 0.58 0.71 0.72 
2/21/2012 2.37 0.74 1.04 0.83 0.95 0.88 0.85 0.89 
2/22/2012 2.37 0.70 1.04 1.04 1.16 1.11 0.92 1.02 
2/23/2012 2.34 0.85 1.10 1.30 1.51 1.44 1.14 1.33 
2/24/2012 2.50 1.07 1.28 0.82 1.18 1.15 1.12 1.29 
2/25/2012 2.64 0.54 1.06 0.36 0.32 0.28 0.45 0.52 
2/26/2012 2.35 0.61 0.97 0.83 0.81 0.76 0.54 0.63 
2/27/2012 2.54 0.74 1.02 0.77 0.73 0.68 0.68 0.65 
2/28/2012 2.21 0.78 1.07 0.92 0.96 0.90 0.84 0.89 
2/29/2012 2.15 0.92 1.16 1.01 1.13 1.08 1.02 1.10 
3/1/2012 2.07 0.91 1.19 0.99 1.17 1.12 1.04 1.14 
3/2/2012 2.11 1.03 1.31 1.30 1.46 1.38 1.28 1.38 
3/3/2012 2.61 1.15 1.25 0.86 1.15 1.11 1.16 1.33 
3/4/2012 2.17 0.40 1.05 0.42 0.50 0.48 0.52 0.58 
3/5/2012 1.75 0.25 0.92 0.39 0.54 0.52 0.37 0.48 
3/6/2012 1.79 0.36 0.84 0.40 0.49 0.42 0.35 0.44 
3/7/2012 2.15 0.81 0.88 1.01 1.04 0.95 0.80 0.85 
3/8/2012 2.32 1.29 1.23 1.43 1.53 1.42 1.36 1.41 
3/9/2012 2.40 1.31 1.29 0.94 1.14 1.05 1.23 1.29 
3/10/2012 2.73 1.09 1.32 1.12 1.02 0.93 0.99 0.97 
3/11/2012 2.34 1.28 1.22 1.38 1.43 1.32 1.25 1.28 
3/12/2012 2.49 1.39 1.25 1.42 1.50 1.40 1.42 1.44 
3/13/2012 2.40 1.42 1.23 1.37 1.55 1.45 1.47 1.52 
3/14/2012 2.33 1.35 1.27 1.21 1.41 1.31 1.40 1.43 
3/15/2012 2.34 1.28 1.27 1.12 1.30 1.20 1.32 1.32 
3/16/2012 2.32 1.19 1.25 1.07 1.25 1.15 1.25 1.25 
3/17/2012 2.36 1.24 1.25 1.22 1.35 1.24 1.28 1.30 
3/18/2012 2.35 1.41 1.26 1.29 1.48 1.34 1.43 1.45 
3/19/2012 2.41 1.60 1.30 1.45 1.60 1.47 1.58 1.60 
3/20/2012 2.56 2.00 1.35 2.00 2.12 1.91 1.91 2.03 
3/21/2012 2.72 2.39 1.36 2.25 2.60 2.40 2.43 2.54 
3/22/2012 2.84 2.10 1.33 1.34 1.82 1.65 2.15 2.17 
3/23/2012 2.67 2.09 1.31 1.51 1.79 1.67 2.07 1.89 
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3/24/2012 2.59 1.82 1.31 1.37 1.60 1.50 1.79 1.63 
3/25/2012 2.60 1.50 1.36 1.14 1.34 1.24 1.44 1.34 
3/26/2012 2.49 1.30 1.21 0.99 1.19 1.10 1.24 1.20 
3/27/2012 2.45 1.23 1.23 1.07 1.19 1.11 1.18 1.15 
3/28/2012 2.47 1.31 1.32 1.18 1.26 1.18 1.28 1.24 
3/29/2012 2.62 1.36 1.39 1.27 1.37 1.30 1.37 1.34 
3/30/2012 2.73 1.35 1.43 1.44 1.52 1.47 1.42 1.43 
3/31/2012 2.63 1.33 1.37 1.31 1.56 1.49 1.44 1.52 
4/1/2012 2.59 1.28 1.38 1.37 1.50 1.44 1.37 1.43 
4/2/2012 2.59 1.54 1.63 1.68 1.71 1.64 1.60 1.62 
4/3/2012 2.76 1.84 1.79 1.67 1.89 1.82 1.90 1.95 
4/4/2012 3.03 2.02 1.73 1.52 1.69 1.65 1.96 1.85 
4/5/2012 2.78 1.78 1.58 1.48 1.68 1.64 1.82 1.71 
4/6/2012 2.89 1.52 1.33 1.10 1.28 1.24 1.47 1.36 
4/7/2012 2.88 1.42 1.42 1.30 1.30 1.30 1.32 1.24 
4/8/2012 2.73 1.43 1.40 1.36 1.43 1.43 1.45 1.39 
4/9/2012 2.68 1.36 1.42 1.31 1.38 1.41 1.40 1.38 
4/10/2012 2.72 1.26 1.40 1.29 1.33 1.36 1.31 1.31 
4/11/2012 2.66 1.21 1.33 1.19 1.31 1.32 1.28 1.28 
4/12/2012 2.82 1.25 1.39 1.24 1.22 1.20 1.18 1.19 
4/13/2012 2.58 1.41 1.38 1.50 1.49 1.45 1.41 1.40 
4/14/2012 2.53 1.63 1.40 1.68 1.72 1.63 1.61 1.64 
4/15/2012 2.60 1.90 1.47 2.07 2.21 2.13 2.00 2.09 
4/16/2012 2.59 2.00 1.52 1.80 2.04 1.92 2.09 2.12 
4/17/2012 2.71 1.93 1.52 1.57 1.87 1.78 1.92 1.93 
4/18/2012 2.86 1.45 1.44 1.01 1.11 1.05 1.42 1.35 
4/19/2012 2.75 1.24 1.41 1.34 1.38 1.37 1.24 1.23 
4/20/2012 2.57 1.30 1.51 1.51 1.58 1.57 1.37 1.42 
4/21/2012 2.79 1.41 1.63 1.46 1.58 1.60 1.45 1.48 
4/22/2012 3.04 0.90 1.24 0.69 0.79 0.84 0.90 0.98 
4/23/2012 2.56 0.53 1.02 0.50 0.49 0.56 0.48 0.51 
4/24/2012 2.23 0.45 0.94 0.88 0.76 0.84 0.49 0.53 
4/25/2012 2.09 0.68 0.99 1.05 1.03 1.10 0.79 0.89 
4/26/2012 2.13 0.91 1.21 1.30 1.33 1.39 1.05 1.17 
4/27/2012 2.06 1.07 1.29 1.21 1.33 1.36 1.17 1.31 
4/28/2012 2.15 1.20 1.39 1.38 1.41 1.41 1.25 1.35 
4/29/2012 2.13 1.30 1.37 1.23 1.36 1.33 1.33 1.41 
4/30/2012 2.17 1.24 1.33 1.16 1.28 1.26 1.27 1.33 
5/1/2012 2.24 1.21 1.31 1.18 1.19 1.15 1.16 1.21 
5/2/2012 2.48 1.47 1.63 1.59 1.65 1.60 1.51 1.55 
5/3/2012 2.55 1.47 1.56 1.45 1.64 1.60 1.52 1.63 
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5/4/2012 2.51 1.29 1.48 1.31 1.50 1.48 1.38 1.49 
5/5/2012 2.44 1.21 1.48 1.36 1.47 1.47 1.29 1.40 
5/6/2012 2.47 1.21 1.52 1.42 1.49 1.50 1.28 1.40 
5/7/2012 2.56 1.24 1.55 1.46 1.51 1.52 1.30 1.43 
5/8/2012 2.56 1.25 1.57 1.47 1.54 1.53 1.32 1.44 
5/9/2012 2.53 1.12 1.47 1.24 1.38 1.38 1.22 1.33 
5/10/2012 2.66 1.00 1.48 1.29 1.21 1.22 1.00 1.12 
5/11/2012 2.61 1.36 1.82 1.82 1.65 1.64 1.33 1.45 
5/12/2012 2.48 1.55 1.82 1.75 1.91 1.88 1.69 1.83 
5/13/2012 2.42 1.32 1.45 1.27 1.46 1.43 1.43 1.55 
5/14/2012 2.58 0.97 1.32 1.21 1.17 1.21 1.03 1.13 
5/15/2012 2.58 1.00 1.39 1.28 1.26 1.30 1.09 1.20 
5/16/2012 2.61 1.07 1.45 1.27 1.25 1.30 1.15 1.24 
5/17/2012 2.64 1.03 1.45 1.21 1.23 1.26 1.12 1.19 
5/18/2012 2.59 1.01 1.46 1.22 1.27 1.27 1.10 1.19 
5/19/2012 2.50 1.13 1.56 1.30 1.38 1.33 1.17 1.27 
5/20/2012 2.53 1.15 1.58 1.28 1.37 1.33 1.20 1.28 
5/21/2012 2.39 1.04 1.48 1.12 1.28 1.25 1.12 1.22 
5/22/2012 2.37 0.88 1.42 0.99 1.10 1.11 0.95 1.06 
5/23/2012 2.43 0.82 1.42 1.12 1.14 1.17 0.91 1.04 
5/24/2012 2.42 1.03 1.55 1.42 1.42 1.40 1.10 1.27 
5/25/2012 2.32 1.28 1.62 1.38 1.50 1.44 1.31 1.45 
5/26/2012 2.29 1.19 1.53 1.13 1.26 1.21 1.18 1.29 
5/27/2012 2.43 1.01 1.50 1.15 1.21 1.20 1.07 1.15 
5/28/2012 2.40 0.79 1.39 0.96 1.07 1.07 0.91 1.03 
5/29/2012 2.26 0.45 1.29 0.78 0.87 0.89 0.63 0.79 
5/30/2012 2.16 0.36 NaN 0.84 0.87 0.89 0.51 0.69 
5/31/2012 2.14 0.61 NaN 1.06 1.16 1.14 0.75 0.95 
6/1/2012 2.17 0.75 NaN 1.47 1.19 1.17 0.87 1.05 
6/2/2012 2.22 0.66 NaN NaN 1.00 0.98 0.70 0.87 
6/3/2012 2.10 0.78 NaN NaN 1.20 1.19 0.87 1.01 
6/4/2012 2.06 0.82 NaN NaN 1.25 1.24 0.94 1.09 
6/5/2012 2.25 0.84 NaN NaN 1.35 1.35 0.97 1.14 
6/6/2012 2.17 0.95 NaN NaN 1.42 1.41 1.06 1.25 
6/7/2012 2.26 1.03 NaN NaN 1.38 1.36 1.08 1.25 
6/8/2012 2.40 1.14 NaN NaN 1.36 1.34 1.11 1.27 
6/9/2012 2.50 1.37 NaN NaN 1.70 1.69 1.34 1.49 
6/10/2012 2.37 1.69 NaN NaN 2.18 2.13 1.82 2.01 
6/11/2012 2.16 1.63 NaN NaN 1.88 1.81 1.72 1.91 
6/12/2012 2.13 1.36 NaN NaN 1.38 1.32 1.37 1.48 
6/13/2012 2.17 1.03 NaN NaN 1.21 1.18 1.06 1.15 
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6/14/2012 2.16 0.89 1.15 NaN 1.14 1.09 0.92 1.04 
6/15/2012 2.47 0.98 1.26 NaN 1.16 1.13 0.96 1.04 
6/16/2012 2.85 1.29 1.53 NaN 1.38 1.36 1.14 1.22 
6/17/2012 2.74 1.59 1.85 NaN 1.83 1.82 1.57 1.63 
6/18/2012 2.71 1.85 2.06 NaN 2.13 2.10 1.85 1.97 
6/19/2012 2.68 2.01 2.08 NaN 2.16 2.11 1.99 2.12 
6/20/2012 2.83 1.98 2.01 NaN 1.99 1.98 1.93 2.02 
6/21/2012 3.08 1.86 1.93 NaN 1.87 1.87 1.83 1.88 
6/22/2012 3.25 1.78 1.98 NaN 1.88 1.91 1.74 1.80 
6/23/2012 3.39 1.89 2.16 NaN 2.06 2.09 1.85 1.93 
6/24/2012 4.02 1.83 2.03 NaN 1.95 1.99 1.85 1.90 
6/25/2012 4.08 1.80 2.23 NaN 2.20 2.30 1.89 1.96 
6/26/2012 3.29 1.93 2.20 NaN 2.33 2.35 2.04 2.17 
6/27/2012 2.91 1.86 1.98 NaN 2.13 2.14 1.97 2.08 
6/28/2012 2.47 1.81 1.89 NaN 2.07 2.05 1.92 2.02 
6/29/2012 2.33 1.66 1.73 NaN 1.86 1.85 1.78 1.86 
6/30/2012 2.32 1.56 1.64 NaN 1.73 1.75 1.66 1.73 
7/1/2012 2.25 1.51 1.63 NaN 1.73 1.77 1.64 1.70 
7/2/2012 2.17 1.37 1.51 NaN 1.54 1.56 1.47 1.55 
7/3/2012 2.33 1.20 1.45 NaN 1.41 1.47 1.31 1.38 
7/4/2012 2.30 1.16 1.47 NaN 1.42 1.48 1.29 1.38 
7/5/2012 2.32 1.17 1.45 NaN 1.43 1.50 1.30 1.39 
7/6/2012 2.31 1.15 1.45 NaN 1.46 1.51 1.29 1.40 
7/7/2012 2.31 1.16 1.43 NaN 1.46 1.49 1.29 1.38 
7/8/2012 2.18 1.22 1.36 NaN 1.42 1.45 1.34 1.41 
7/9/2012 2.18 1.11 1.34 NaN 1.37 1.41 1.25 1.34 
7/10/2012 2.08 1.11 1.36 NaN 1.40 1.39 1.24 1.38 
7/11/2012 2.08 1.13 1.37 NaN 1.28 1.38 1.22 1.33 
7/12/2012 2.16 1.21 1.40 NaN 1.42 1.41 1.28 1.35 
7/13/2012 2.18 1.21 1.42 NaN 1.39 1.40 1.29 1.35 
7/14/2012 2.34 1.16 1.40 NaN 1.35 1.36 1.22 1.31 
7/15/2012 2.34 1.18 1.42 NaN 1.41 1.41 1.26 1.33 
7/16/2012 2.31 1.26 1.48 NaN 1.50 1.49 1.33 1.41 
7/17/2012 2.30 1.28 1.50 NaN 1.51 1.51 1.36 1.44 
7/18/2012 2.28 1.22 1.48 NaN 1.47 1.47 1.32 1.41 
7/19/2012 2.23 1.27 1.48 NaN 1.49 1.46 1.36 1.49 
7/20/2012 2.20 1.30 1.45 NaN 1.46 1.44 1.45 1.48 
7/21/2012 2.22 1.35 1.48 NaN 1.44 1.41 1.40 1.43 
7/22/2012 2.38 1.40 1.56 NaN 1.57 1.54 1.45 1.50 
7/23/2012 2.43 1.44 1.60 NaN 1.57 1.53 1.48 1.51 
7/24/2012 2.38 1.34 1.51 NaN 1.54 1.51 1.43 1.50 
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7/25/2012 2.39 1.25 1.50 NaN 1.56 1.54 1.38 1.46 
7/26/2012 2.34 1.27 1.53 NaN 1.59 1.55 1.38 1.47 
7/27/2012 2.32 1.32 1.54 NaN 1.69 1.65 1.47 1.54 
7/28/2012 2.20 1.26 1.39 NaN 1.56 1.51 1.40 1.48 
7/29/2012 2.17 1.17 1.25 NaN 1.47 1.43 1.31 1.38 
7/30/2012 2.20 1.13 1.34 NaN 1.51 1.48 1.27 1.35 
7/31/2012 2.13 1.08 1.29 NaN 1.43 1.41 1.24 1.32 
8/1/2012 2.15 0.98 1.28 NaN 1.40 1.39 1.17 1.25 
8/2/2012 2.16 0.93 1.26 NaN 1.36 1.34 1.09 1.19 
8/3/2012 2.18 1.01 1.31 NaN 1.47 1.43 1.16 1.26 
8/4/2012 2.25 1.12 1.30 NaN 1.47 1.41 1.24 1.35 
8/5/2012 2.21 1.14 1.26 NaN 1.39 1.34 1.22 1.30 
8/6/2012 2.21 1.01 1.22 NaN 1.33 1.28 1.13 1.21 
8/7/2012 2.30 1.07 1.30 NaN 1.44 1.39 1.20 1.27 
8/8/2012 2.29 1.21 1.39 NaN 1.59 1.53 1.34 1.41 
8/9/2012 2.22 1.24 1.41 NaN 1.60 1.53 1.37 1.46 
8/10/2012 2.21 1.18 1.40 NaN 1.63 1.57 NaN 1.48 
8/11/2012 2.19 1.18 1.38 NaN 1.52 1.45 NaN 1.42 
8/12/2012 2.20 1.15 1.36 NaN 1.47 1.39 NaN 1.35 
8/13/2012 2.18 1.15 1.41 NaN 1.58 1.50 NaN 1.39 
8/14/2012 2.06 1.11 1.37 NaN 1.56 1.51 NaN 1.41 
8/15/2012 2.12 1.08 1.36 NaN 1.50 1.43 NaN 1.35 
8/16/2012 2.12 1.13 1.39 NaN 1.53 1.45 NaN 1.37 
8/17/2012 2.22 1.16 1.40 NaN 1.53 1.46 NaN 1.38 
8/18/2012 2.30 1.22 1.49 NaN 1.66 1.58 NaN 1.46 
8/19/2012 2.20 1.32 1.48 NaN 1.60 1.52 NaN 1.51 
8/20/2012 2.24 1.36 1.45 NaN 1.61 1.53 NaN 1.47 
8/21/2012 2.34 1.33 1.40 NaN 1.51 1.43 NaN 1.44 
8/22/2012 2.38 1.24 1.41 NaN 1.44 1.36 NaN 1.34 
8/23/2012 2.26 1.31 1.48 NaN 1.53 1.45 NaN 1.41 
8/24/2012 2.25 1.45 1.54 NaN 1.66 1.57 NaN 1.53 
8/25/2012 2.39 1.55 1.66 NaN 1.74 1.65 NaN 1.61 
8/26/2012 2.57 1.63 1.73 NaN 1.79 1.71 NaN 1.68 
8/27/2012 3.15 1.44 1.57 NaN 1.50 1.45 NaN 1.50 
8/28/2012 6.17 1.25 1.30 NaN 0.58 0.46 NaN 0.84 
8/29/2012 4.29 2.55 4.83 NaN 3.17 5.20 NaN 3.75 
8/30/2012 2.88 3.83 4.12 NaN NaN 5.26 NaN 5.56 
8/31/2012 2.60 3.59 2.84 NaN NaN 3.09 NaN 3.54 
9/1/2012 2.34 2.99 2.14 NaN NaN 2.16 NaN 2.64 
9/2/2012 2.28 2.50 1.74 NaN NaN 1.83 NaN 2.11 
9/3/2012 2.27 2.14 1.59 NaN NaN 1.78 NaN 1.85 
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9/4/2012 2.20 1.84 1.42 NaN NaN 1.66 NaN 1.63 
9/5/2012 2.21 1.62 1.40 NaN NaN 1.59 NaN 1.54 
9/6/2012 2.52 1.40 1.29 NaN NaN 1.24 NaN 1.23 
9/7/2012 2.63 1.52 1.47 NaN NaN 1.50 NaN 1.42 
9/8/2012 2.70 1.58 1.59 NaN NaN 1.71 NaN 1.61 
9/9/2012 2.87 1.40 1.37 NaN NaN 1.32 NaN 1.30 
9/10/2012 2.55 1.39 1.47 NaN NaN 1.47 NaN 1.37 
9/11/2012 2.49 1.52 1.63 NaN 1.65 1.64 NaN 1.55 
9/12/2012 2.76 1.58 1.66 NaN 1.79 1.72 NaN 1.64 
9/13/2012 2.90 1.81 1.96 NaN 2.00 1.94 NaN 1.86 
9/14/2012 3.10 1.82 1.98 NaN 2.00 1.96 1.75 1.87 
9/15/2012 2.83 1.74 1.83 NaN 1.89 1.85 1.64 1.80 
9/16/2012 2.74 1.70 1.86 NaN 1.96 1.92 1.59 1.80 
9/17/2012 2.58 1.94 2.10 NaN 2.35 2.31 1.94 2.17 
9/18/2012 2.66 1.84 1.76 NaN 2.01 1.97 1.80 2.01 
9/19/2012 2.69 1.56 1.58 NaN 1.58 1.53 1.40 1.54 
9/20/2012 2.33 1.52 1.55 NaN 1.56 1.49 1.37 1.51 
9/21/2012 2.39 1.51 1.63 NaN 1.68 1.63 1.41 1.56 
9/22/2012 2.17 1.48 1.58 NaN 1.61 1.55 1.43 1.57 
9/23/2012 2.22 1.32 1.49 NaN 1.49 1.45 1.29 1.43 
9/24/2012 2.14 1.22 1.44 NaN 1.41 1.36 1.20 1.34 
9/25/2012 2.25 1.27 1.46 NaN 1.49 1.44 1.23 1.37 
9/26/2012 2.32 1.39 1.52 NaN 1.59 1.54 1.36 1.49 
9/27/2012 2.34 1.43 1.53 NaN 1.61 1.57 1.39 1.53 
9/28/2012 2.30 1.45 1.59 NaN 1.70 1.66 1.45 1.57 
9/29/2012 2.24 1.47 1.52 NaN 1.62 1.57 1.45 1.57 
9/30/2012 2.26 1.72 1.89 NaN 2.17 2.12 1.81 1.97 
10/1/2012 2.23 1.66 1.58 NaN 1.92 1.90 1.80 1.96 
10/2/2012 2.18 1.16 1.30 NaN 1.22 1.18 1.14 1.21 
10/3/2012 2.18 1.29 1.42 NaN 1.42 1.36 1.24 1.35 
10/4/2012 2.24 1.30 1.44 NaN 1.36 1.30 1.25 1.34 
10/5/2012 2.34 1.15 1.39 NaN 1.32 1.29 1.14 1.24 
10/6/2012 2.30 1.16 1.43 NaN 1.40 1.37 1.16 1.30 
10/7/2012 2.56 0.97 1.40 NaN 1.09 1.07 0.90 1.04 
10/8/2012 2.59 0.74 1.21 NaN 1.01 1.01 0.70 0.82 
10/9/2012 2.31 0.82 1.18 NaN 1.15 1.13 0.82 0.99 
10/10/2012 2.25 0.99 1.28 NaN 1.29 1.27 1.02 1.16 
10/11/2012 2.14 1.01 1.21 NaN 1.20 1.17 1.01 1.13 
10/12/2012 2.23 1.11 1.27 NaN 1.33 1.30 1.10 1.23 
10/13/2012 2.20 1.21 1.39 NaN 1.46 1.43 1.22 1.36 
10/14/2012 2.28 1.35 1.50 NaN 1.59 1.56 1.38 1.52 
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10/15/2012 2.31 1.25 1.42 NaN 1.44 1.42 1.26 1.38 
10/16/2012 2.60 1.17 1.45 NaN 1.36 1.34 1.10 1.25 
10/17/2012 2.38 1.48 1.77 NaN 1.93 1.90 1.55 1.76 
10/18/2012 2.55 1.61 1.71 NaN 1.85 1.84 1.62 1.80 
10/19/2012 2.59 1.35 1.56 NaN 1.58 1.57 1.42 1.53 
10/20/2012 2.42 1.23 1.51 NaN 1.55 1.54 1.28 1.45 
10/21/2012 2.39 1.35 1.55 NaN 1.58 1.57 1.35 1.50 
10/22/2012 2.49 1.38 1.53 NaN 1.54 1.53 1.35 1.48 
10/23/2012 2.71 1.45 1.66 NaN 1.68 1.66 1.43 1.58 
10/24/2012 2.75 1.58 1.77 NaN 1.77 1.75 1.57 1.70 
10/25/2012 2.76 1.64 1.84 NaN 1.86 1.83 1.64 1.77 
10/26/2012 2.73 1.50 1.67 NaN 1.69 1.68 1.52 1.61 
10/27/2012 2.71 0.95 1.41 NaN 0.99 1.00 0.92 1.02 
10/28/2012 2.59 0.29 1.19 NaN 0.48 0.51 0.31 0.44 
10/29/2012 2.34 -0.10 1.06 NaN 0.32 0.23 -0.12 0.07 
10/30/2012 1.99 0.01 0.98 NaN 0.75 0.74 0.16 0.39 
10/31/2012 1.74 0.36 0.95 NaN 0.92 0.90 0.48 0.72 
 
D.5.10. Tide stations 73-80 Data 
 
CRMS 
4218 
-H01 
CRMS 
4245 
-H01 
CRMS 
4245 
-M01 
CRMS 
4355 
-H01 
CRMS 
4355 
-M01 
CRMS 
4448 
-H01 
CRMS 
4529 
-H01 
CRMS 
4626 
-H01 
 -90.16 -90.14 -90.14 -89.82 -89.82 -89.23 -89.82 -89.20 
  29.56 29.67 29.67 29.84 29.84 29.21 29.47 29.34 
11/1/2011 0.71 0.69 0.69 0.79 0.79 2.02 0.54 1.90 
11/2/2011 1.02 0.99 0.99 0.96 0.96 2.04 0.85 1.82 
11/3/2011 0.89 0.93 0.93 0.94 0.94 2.12 0.69 1.84 
11/4/2011 0.35 0.33 0.33 0.54 0.54 2.00 0.36 1.77 
11/5/2011 0.58 0.47 0.47 0.39 0.39 2.03 0.54 1.91 
11/6/2011 1.02 0.88 0.88 0.81 0.81 2.32 0.82 2.29 
11/7/2011 1.14 1.07 1.07 1.19 1.19 2.28 0.99 2.22 
11/8/2011 1.35 1.35 1.35 1.38 1.38 2.37 1.27 2.22 
11/9/2011 1.31 1.32 1.32 1.37 1.37 2.40 1.14 2.18 
11/10/2011 0.63 0.42 0.42 0.67 0.67 2.56 0.33 2.32 
11/11/2011 0.51 0.45 0.45 0.61 0.61 2.10 0.58 1.76 
11/12/2011 0.81 0.78 0.78 0.71 0.71 1.85 0.67 1.46 
11/13/2011 0.94 0.94 0.94 0.76 0.76 2.10 0.92 1.83 
11/14/2011 1.14 1.14 1.14 0.97 0.97 2.34 1.17 2.09 
11/15/2011 1.33 1.36 1.36 1.22 1.22 2.38 1.35 2.16 
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11/16/2011 1.46 1.56 1.56 1.40 1.40 2.35 1.52 1.98 
11/17/2011 0.97 0.91 0.91 0.86 0.86 2.36 0.35 2.09 
11/18/2011 0.88 0.75 0.75 0.77 0.77 2.33 0.79 2.21 
11/19/2011 1.11 1.06 1.06 1.14 1.14 2.34 1.04 2.29 
11/20/2011 1.24 1.21 1.21 1.24 1.24 2.40 1.19 2.28 
11/21/2011 1.20 1.20 1.20 1.21 1.21 2.23 1.13 2.06 
11/22/2011 1.37 1.41 1.41 1.30 1.30 2.32 1.40 2.09 
11/23/2011 1.20 1.17 1.17 1.08 1.08 2.28 0.76 2.04 
11/24/2011 1.04 0.96 0.96 1.03 1.03 2.40 0.72 2.19 
11/25/2011 1.14 1.09 1.09 1.28 1.28 2.25 0.93 1.95 
11/26/2011 1.54 1.52 1.52 1.53 1.53 2.56 1.58 2.28 
11/27/2011 1.31 1.43 1.43 1.58 1.58 2.51 1.11 2.12 
11/28/2011 0.61 0.72 0.72 1.07 1.07 2.30 0.68 1.65 
11/29/2011 0.50 0.57 0.57 0.55 0.55 2.04 0.55 1.19 
11/30/2011 0.48 0.45 0.45 0.25 0.25 2.09 0.37 1.65 
12/1/2011 0.66 0.65 0.65 0.34 0.34 2.11 0.44 1.69 
12/2/2011 0.70 0.69 0.69 0.49 0.49 2.24 0.47 1.83 
12/3/2011 1.07 1.07 1.07 0.80 0.80 2.35 0.96 1.99 
12/4/2011 1.51 1.55 1.55 1.23 1.23 2.58 1.33 2.25 
12/5/2011 1.74 1.83 1.83 1.50 1.50 2.69 1.53 2.30 
12/6/2011 1.29 1.42 1.42 1.22 1.22 2.61 0.99 2.16 
12/7/2011 0.63 0.77 0.77 0.73 0.73 2.35 0.26 1.51 
12/8/2011 0.50 0.45 0.45 0.36 0.36 2.24 0.33 1.53 
12/9/2011 0.63 0.66 0.66 0.33 0.33 2.25 0.35 1.45 
12/10/2011 0.49 0.39 0.39 0.26 0.26 2.50 0.27 1.85 
12/11/2011 0.48 0.32 0.32 0.36 0.36 2.55 0.20 1.83 
12/12/2011 0.48 0.46 0.46 0.55 0.55 2.60 0.31 1.89 
12/13/2011 0.70 0.66 0.66 0.73 0.73 2.60 0.41 1.84 
12/14/2011 0.90 0.91 0.91 0.88 0.88 2.62 0.79 1.77 
12/15/2011 1.07 1.11 1.11 0.94 0.94 2.70 1.01 1.84 
12/16/2011 1.16 1.21 1.21 0.93 0.93 2.76 1.05 1.92 
12/17/2011 0.75 0.74 0.74 0.60 0.60 2.80 0.48 2.07 
12/18/2011 0.69 0.63 0.63 0.55 0.55 2.80 0.56 1.99 
12/19/2011 0.94 0.92 0.92 0.74 0.74 2.73 0.93 1.82 
12/20/2011 1.23 1.28 1.28 0.90 0.90 2.96 1.24 2.19 
12/21/2011 1.41 1.46 1.46 1.10 1.10 3.10 1.43 2.29 
12/22/2011 1.48 1.56 1.56 1.24 1.24 3.13 1.43 2.24 
12/23/2011 1.26 1.26 1.26 0.99 0.99 3.03 0.74 2.22 
12/24/2011 1.12 1.06 1.06 0.99 0.99 2.99 0.63 2.16 
12/25/2011 1.09 1.08 1.08 1.09 1.09 2.96 0.69 2.05 
12/26/2011 1.12 1.18 1.18 1.19 1.19 2.99 0.95 2.07 
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12/27/2011 0.71 0.89 0.89 0.98 0.98 2.88 0.78 1.38 
12/28/2011 0.60 0.65 0.65 0.55 0.55 2.71 0.53 1.64 
12/29/2011 0.84 0.89 0.89 0.53 0.53 2.77 0.75 1.68 
12/30/2011 1.01 1.09 1.09 0.65 0.65 2.82 1.03 1.78 
12/31/2011 0.96 1.04 1.04 0.54 0.54 2.70 0.90 1.60 
1/1/2012 0.91 0.99 0.99 0.43 0.43 2.66 0.71 1.54 
1/2/2012 0.40 0.31 0.31 0.00 0.00 2.70 0.13 1.67 
1/3/2012 0.28 0.05 0.05 -0.22 -0.22 2.41 0.14 1.08 
1/4/2012 0.46 0.32 0.32 -0.22 -0.22 2.29 0.41 1.07 
1/5/2012 0.54 0.51 0.51 -0.16 -0.16 2.24 0.40 1.06 
1/6/2012 0.61 0.67 0.67 -0.06 -0.06 2.36 0.73 1.25 
1/7/2012 0.76 0.84 0.84 0.13 0.13 2.35 0.67 1.33 
1/8/2012 0.88 0.95 0.95 0.35 0.35 2.45 0.80 1.46 
1/9/2012 0.89 0.98 0.98 0.53 0.53 2.40 0.72 1.48 
1/10/2012 1.26 1.40 1.40 0.85 0.85 2.58 1.12 1.73 
1/11/2012 0.86 1.15 1.15 0.93 0.93 2.53 1.18 1.18 
1/12/2012 0.72 0.83 0.83 0.31 0.31 2.38 0.44 1.30 
1/13/2012  0.14 0.14 -0.03 -0.03 2.25 0.00 1.41 
1/14/2012 0.23 0.17 0.17 -0.18 -0.18 1.99 0.16 1.12 
1/15/2012 0.40 0.22 0.22 -0.20 -0.20 1.90 0.22 1.01 
1/16/2012 0.49 0.53 0.53 -0.08 -0.08 1.96 0.55 1.28 
1/17/2012 0.77 0.88 0.88 0.24 0.24 2.11 0.91 1.53 
1/18/2012 0.75 0.78 0.78 0.27 0.27 2.34 0.53 1.85 
1/19/2012 0.74 0.80 0.80 0.46 0.46 2.17 0.77 1.62 
1/20/2012 0.91 1.04 1.04 0.70 0.70 2.10 0.97 1.49 
1/21/2012 0.97 1.14 1.14 0.77 0.77 2.00 0.90 1.39 
1/22/2012 1.04 1.18 1.18 0.77 0.77 2.04 0.99 1.51 
1/23/2012 1.12 1.28 1.28 0.88 0.88 1.99 1.01 1.43 
1/24/2012 1.07 1.06 1.06 0.70 0.70 2.13 0.65 1.87 
1/25/2012 1.23 1.35 1.35 1.14 1.14 2.15 1.05 1.85 
1/26/2012 1.32 1.59 1.59 1.31 1.31 2.19 1.31 1.70 
1/27/2012 0.67 0.85 0.85 0.82 0.82 2.01 0.52 1.55 
1/28/2012 0.52 0.61 0.61 0.40 0.40 1.87 0.37 1.37 
1/29/2012 0.31 0.22 0.22 0.16 0.16 2.02 -0.13 1.64 
1/30/2012 0.55 0.34 0.34 0.33 0.33 1.95 0.40 1.45 
1/31/2012 0.56 0.61 0.61 0.48 0.48 2.01 0.55 1.50 
2/1/2012 0.80 0.87 0.87 0.69 0.69 2.24 0.81 1.75 
2/2/2012 0.87 0.93 0.93 0.92 0.92 2.24 0.69 1.68 
2/3/2012 1.05 1.10 1.10 1.10 1.10 2.40 0.87 1.87 
2/4/2012 1.11 1.24 1.24 1.26 1.26 2.39 0.88 1.78 
2/5/2012 0.89 0.94 0.94 0.99 0.99 2.58 0.60 2.03 
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2/6/2012 0.63 0.60 0.60 0.82 0.82 2.56 0.41 1.93 
2/7/2012 0.73 0.69 0.69 0.84 0.84 2.52 0.70 1.85 
2/8/2012 0.68 0.64 0.64 0.75 0.75 2.49 0.48 1.76 
2/9/2012 0.67 0.56 0.56 0.65 0.65 2.67 0.49 2.03 
2/10/2012 0.83 0.78 0.78 0.64 0.64 2.61 0.67 1.77 
2/11/2012 0.49 0.19 0.19 0.11 0.11 2.66 -0.10 1.76 
2/12/2012 NaN -0.27 -0.27 -0.19 -0.19 2.57 -0.19 1.62 
2/13/2012 0.57 0.14 0.14 -0.01 -0.01 2.35 0.53 1.41 
2/14/2012 0.89 0.84 0.84 0.25 0.25 2.56 1.04 1.62 
2/15/2012 0.88 0.89 0.89 0.48 0.48 2.57 0.76 1.83 
2/16/2012 0.91 0.94 0.94 0.68 0.68 2.61 0.78 1.81 
2/17/2012 0.82 0.81 0.81 0.62 0.62 2.61 0.57 1.92 
2/18/2012 1.13 1.12 1.12 0.89 0.89 2.75 1.02 2.05 
2/19/2012 0.99 1.12 1.12 0.88 0.88 2.65 0.70 1.66 
2/20/2012 0.62 0.61 0.61 0.56 0.56 2.37 0.33 1.65 
2/21/2012 0.74 0.79 0.79 0.58 0.58 2.26 0.59 1.54 
2/22/2012 0.77 0.88 0.88 0.54 0.54 2.27 0.90 1.66 
2/23/2012 0.96 1.12 1.12 0.51 0.51 2.22 1.16 1.57 
2/24/2012 0.99 0.96 0.96 0.30 0.30 2.31 0.53 1.83 
2/25/2012 0.42 0.33 0.33 0.07 0.07 2.49 0.00 2.12 
2/26/2012 0.70 0.56 0.56 0.50 0.50 2.25 0.51 1.97 
2/27/2012 0.77 0.64 0.64 0.87 0.87 2.42 0.44 2.22 
2/28/2012 0.80 0.82 0.82 1.14 1.14 2.10 0.71 1.67 
2/29/2012 0.91 0.97 0.97 0.95 0.95 2.01 0.82 1.59 
3/1/2012 0.87 0.98 0.98 0.78 0.78 1.91 0.83 1.40 
3/2/2012 1.08 1.27 1.27 0.74 0.74 1.95 1.18 1.49 
3/3/2012 0.97 0.99 0.99 0.50 0.50 2.32 0.59 2.04 
3/4/2012 0.41 0.41 0.41 0.19 0.19 1.99 0.32 1.48 
3/5/2012 0.37 0.31 0.31 0.00 0.00 1.57 0.25 0.84 
3/6/2012 0.42 0.34 0.34 0.03 0.03 1.67 0.09 1.40 
3/7/2012 0.89 0.87 0.87 0.47 0.47 2.06 0.69 1.91 
3/8/2012 1.36 1.40 1.40 1.10 1.10 2.29 1.19 2.13 
3/9/2012 1.18 1.14 1.14 1.06 1.06 2.29 0.54 2.19 
3/10/2012 1.14 1.00 1.00 1.09 1.09 2.63 0.75 2.55 
3/11/2012 1.34 1.31 1.31 1.48 1.48 2.32 1.09 2.10 
3/12/2012 1.38 1.42 1.42 1.52 1.52 2.42 1.18 2.19 
3/13/2012 1.35 1.46 1.46 1.54 1.54 2.33 1.16 1.92 
3/14/2012 1.25 1.39 1.39 1.23 1.23 2.23 0.96 1.79 
3/15/2012 1.17 1.29 1.29 1.06 1.06 2.25 0.88 1.73 
3/16/2012 1.09 1.21 1.21 0.89 0.89 2.23 0.85 1.66 
3/17/2012 1.18 1.29 1.29 0.84 0.84 2.30 1.01 1.67 
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3/18/2012 1.34 1.46 1.46 0.91 0.91 2.30 1.03 1.62 
3/19/2012 1.52 1.65 1.65 1.08 1.08 2.41 1.17 1.80 
3/20/2012 2.07 2.17 2.17 1.65 1.65 2.69 1.65 2.22 
3/21/2012 2.42 2.58 2.58 2.55 2.55 2.89 1.97 2.45 
3/22/2012 1.67 1.95 1.95 2.28 2.28 2.83 1.11 2.39 
3/23/2012 1.64 1.91 1.91 1.86 1.86 2.75 1.33 2.10 
3/24/2012 1.40 1.63 1.63 1.29 1.29 2.67 1.24 1.94 
3/25/2012 1.16 1.35 1.35 0.81 0.81 2.64 1.01 1.97 
3/26/2012 1.00 1.18 1.18 0.65 0.65 2.53 0.86 1.70 
3/27/2012 1.01 1.18 1.18 0.61 0.61 2.49 0.94 1.56 
3/28/2012 1.14 1.31 1.31 0.67 0.67 2.51 1.01 1.56 
3/29/2012 1.22 1.39 1.39 0.76 0.76 2.69 1.13 1.87 
3/30/2012 1.27 1.43 1.43 0.97 0.97 2.84 1.39 2.00 
3/31/2012 1.22 1.36 1.36 1.03 1.03 2.76 1.24 1.82 
4/1/2012 1.23 1.36 1.36 0.94 0.94 2.74 1.28 1.75 
4/2/2012 1.51 1.67 1.67 1.05 1.05 2.74 1.54 1.78 
4/3/2012 1.73 1.83 1.83 1.47 1.47 2.86 1.38 1.92 
4/4/2012 1.74 1.87 1.87 1.49 1.49 3.03 1.08 2.28 
4/5/2012 1.49 1.68 1.68 1.45 1.45 2.94 1.24 1.92 
4/6/2012 1.19 1.32 1.32 1.08 1.08 2.90 0.81 2.13 
4/7/2012 1.25 1.30 1.30 1.14 1.14 2.92 0.99 2.24 
4/8/2012 1.33 1.43 1.43 1.38 1.38 2.79 1.06 1.95 
4/9/2012 1.25 1.38 1.38 1.26 1.26 2.71 1.06 1.87 
4/10/2012 1.20 1.36 1.36 1.15 1.15 2.71 1.06 1.95 
4/11/2012 1.16 1.34 1.34 1.14 1.14 2.65 0.95 1.91 
4/12/2012 1.22 1.32 1.32 1.17 1.17 2.78 0.90 2.31 
4/13/2012 1.41 1.58 1.58 1.46 1.46 2.61 1.23 1.92 
4/14/2012 1.63 1.84 1.84 1.45 1.45 2.56 1.35 2.01 
4/15/2012 2.01 2.28 2.28 1.69 1.69 2.67 1.77 2.19 
4/16/2012 1.88 2.18 2.18 1.71 1.71 2.61 1.49 2.20 
4/17/2012 1.75 1.96 1.96 1.56 1.56 2.65 1.20 2.29 
4/18/2012 1.10 1.35 1.35 1.10 1.10 2.71 0.76 2.54 
4/19/2012 1.20 1.37 1.37 1.05 1.05 2.69 1.12 2.33 
4/20/2012 1.33 1.53 1.53 1.05 1.05 2.56 1.31 2.04 
4/21/2012 1.42 1.55 1.55 0.92 0.92 2.71 1.20 2.36 
4/22/2012 0.75 0.88 0.88 0.60 0.60 2.83 0.45 2.57 
4/23/2012 0.49 0.51 0.51 0.32 0.32 2.44 0.27 1.96 
4/24/2012 0.57 0.70 0.70 0.16 0.16 2.17 0.71 1.59 
4/25/2012 0.74 0.99 0.99 0.21 0.21 2.01 0.92 1.27 
4/26/2012 0.97 1.25 1.25 0.18 0.18 2.04 1.19 1.15 
4/27/2012 1.06 1.33 1.33 0.14 0.14 1.96 1.00 1.30 
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4/28/2012 1.22 1.45 1.45 0.24 0.24 2.05 1.14 1.45 
4/29/2012 1.27 1.47 1.47 0.47 0.47 2.03 0.92 1.51 
4/30/2012 1.19 1.38 1.38 0.62 0.62 2.06 0.88 1.62 
5/1/2012 1.19 1.30 1.30 0.70 0.70 2.13 0.82 1.88 
5/2/2012 1.56 1.72 1.72 1.14 1.14 2.43 1.30 2.20 
5/3/2012 1.45 1.61 1.61 1.45 1.45 2.47 1.21 2.28 
5/4/2012 1.31 1.35 1.35 1.35 1.35 2.45 1.08 2.24 
5/5/2012 1.27 1.20 1.20 1.23 1.23 2.43 1.15 2.07 
5/6/2012 1.30 1.20 1.20 1.14 1.14 2.47 1.20 2.07 
5/7/2012 1.33 1.19 1.19 1.12 1.12 2.54 1.25 2.15 
5/8/2012 1.37 1.22 1.22 1.15 1.15 2.54 1.22 2.13 
5/9/2012 1.19 1.04 1.04 1.07 1.07 2.48 1.01 2.15 
5/10/2012 1.14 0.95 0.95 0.95 0.95 2.58 0.96 2.33 
5/11/2012 1.58 1.35 1.35 1.17 1.17 2.58 1.42 2.17 
5/12/2012 1.64 1.58 1.58 1.48 1.48 2.45 1.44 1.87 
5/13/2012 1.24 1.21 1.21 1.13 1.13 2.35 0.96 1.96 
5/14/2012 1.01 0.91 0.91 0.77 0.77 2.50 0.93 2.22 
5/15/2012 1.11 1.01 1.01 0.78 0.78 2.54 0.99 2.10 
5/16/2012 1.14 1.06 1.06 0.80 0.80 2.56 0.97 2.18 
5/17/2012 1.10 1.03 1.03 0.83 0.83 2.59 0.91 2.19 
5/18/2012 1.10 1.02 1.02 0.82 0.82 2.54 0.93 2.07 
5/19/2012 1.23 1.13 1.13 0.87 0.87 2.48 0.97 1.98 
5/20/2012 1.23 1.15 1.15 0.91 0.91 2.50 0.95 1.95 
5/21/2012 1.05 1.03 1.03 0.84 0.84 2.37 0.88 1.73 
5/22/2012 0.85 0.85 0.85 0.59 0.59 2.33 0.78 1.69 
5/23/2012 0.86 0.85 0.85 0.49 0.49 2.39 0.92 1.72 
5/24/2012 1.11 1.13 1.13 0.53 0.53 2.40 1.16 1.69 
5/25/2012 1.28 1.27 1.27 0.62 0.62 2.26 1.04 1.67 
5/26/2012 1.12 1.10 1.10 0.64 0.64 2.21 0.80 1.76 
5/27/2012 1.01 1.01 1.01 0.60 0.60 2.33 0.87 1.96 
5/28/2012 0.79 0.80 0.80 0.56 0.56 2.31 0.74 1.96 
5/29/2012 0.51 0.54 0.54 0.41 0.41 2.18 0.66 1.66 
5/30/2012 0.46 0.50 0.50 0.14 0.14 2.06 0.72 1.52 
5/31/2012 0.75 0.77 0.77 0.06 0.06 2.09 0.89 1.46 
6/1/2012 0.85 0.84 0.84 0.13 0.13 2.16 0.78 1.60 
6/2/2012 0.76 0.74 0.74 0.14 0.14 2.23 0.70 1.89 
6/3/2012 0.86 0.91 0.91 0.38 0.38 2.19 0.92 1.57 
6/4/2012 0.89 0.95 0.95 0.43 0.43 2.15 1.00 1.51 
6/5/2012 0.97 1.02 1.02 0.36 0.36 2.31 1.19 1.65 
6/6/2012 1.05 1.09 1.09 0.38 0.38 2.22 1.10 1.65 
6/7/2012 1.12 1.12 1.12 0.46 0.46 2.26 1.02 1.95 
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6/8/2012 1.18 1.18 1.18 0.68 0.68 2.33 1.04 2.22 
6/9/2012 1.45 1.44 1.44 1.16 1.16 2.45 1.50 2.25 
6/10/2012 1.71 1.89 1.89 1.56 1.56 2.36 1.82 1.86 
6/11/2012 1.48 1.69 1.69 1.27 1.27 2.09 1.39 1.67 
6/12/2012 1.18 1.28 1.28 0.85 0.85 2.03 0.91 1.82 
6/13/2012 0.96 1.03 1.03 0.55 0.55 2.09 0.90 1.83 
6/14/2012 0.86 0.89 0.89 0.41 0.41 2.11 0.76 1.87 
6/15/2012 1.00 0.97 0.97 0.51 0.51 2.37 0.88 2.36 
6/16/2012 1.39 1.24 1.24 0.95 0.95 2.73 1.16 2.77 
6/17/2012 1.74 1.66 1.66 1.70 1.70 2.73 1.62 2.53 
6/18/2012 1.99 1.95 1.95 1.94 1.94 2.71 1.81 2.41 
6/19/2012 2.04 2.01 2.01 1.97 1.97 2.66 1.68 2.44 
6/20/2012 1.95 1.89 1.89 1.94 1.94 2.77 1.60 2.64 
6/21/2012 1.83 1.73 1.73 1.88 1.88 2.97 1.52 2.93 
6/22/2012 1.85 1.69 1.69 1.87 1.87 3.14 1.69 3.10 
6/23/2012 2.03 1.86 1.86 2.08 2.08 3.26 1.85 3.26 
6/24/2012 1.89 1.78 1.78 2.26 2.26 3.73 1.74 4.09 
6/25/2012 2.02 1.88 1.88 2.39 2.39 3.81 2.17 3.99 
6/26/2012 2.05 2.00 2.00 2.16 2.16 3.21 2.06 3.13 
6/27/2012 1.87 1.86 1.86 1.86 1.86 2.87 1.82 2.76 
6/28/2012 1.80 1.83 1.83 1.66 1.66 2.52 1.62 2.18 
6/29/2012 1.63 1.65 1.65 1.37 1.37 2.37 1.44 2.01 
6/30/2012 1.52 1.54 1.54 1.14 1.14 2.35 1.38 1.96 
7/1/2012 1.50 1.53 1.53 0.99 0.99 2.34 1.39 1.91 
7/2/2012 1.32 1.32 1.32 0.85 0.85 2.21 1.50 1.88 
7/3/2012 1.21 1.19 1.19 0.71 0.71 2.33 NaN 2.07 
7/4/2012 1.22 1.18 1.18 0.73 0.73 2.31 NaN 2.02 
7/5/2012 1.22 1.23 1.23 0.75 0.75 2.30 NaN 2.05 
7/6/2012 1.21 1.23 1.23 0.76 0.76 2.27 NaN 2.05 
7/7/2012 1.23 1.25 1.25 0.77 0.77 2.25 NaN 2.06 
7/8/2012 1.21 1.25 1.25 0.81 0.81 2.11 NaN 1.91 
7/9/2012 1.16 1.19 1.19 0.74 0.74 2.11 NaN 1.91 
7/10/2012 1.11 1.19 1.19 0.72 0.72 2.02 NaN 1.80 
7/11/2012 1.15 1.21 1.21 0.67 0.67 2.03 NaN 1.83 
7/12/2012 1.21 1.24 1.24 0.69 0.69 2.11 NaN 1.89 
7/13/2012 1.20 1.24 1.24 0.74 0.74 2.14 NaN 1.93 
7/14/2012 1.17 1.18 1.18 0.80 0.80 2.27 NaN 2.17 
7/15/2012 1.21 1.24 1.24 0.95 0.95 2.31 NaN 2.16 
7/16/2012 1.30 1.32 1.32 1.05 1.05 2.28 NaN 2.07 
7/17/2012 1.30 1.32 1.32 1.06 1.06 2.27 NaN 2.02 
7/18/2012 1.22 1.26 1.26 1.02 1.02 2.23 NaN 2.05 
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7/19/2012 1.25 1.31 1.31 1.06 1.06 2.20 NaN 1.97 
7/20/2012 1.18 1.31 1.31 0.92 0.92 2.18 NaN 1.84 
7/21/2012 1.25 1.31 1.31 0.82 0.82 2.16 NaN 1.93 
7/22/2012 1.38 1.41 1.41 0.88 0.88 2.30 NaN 2.20 
7/23/2012 1.43 1.43 1.43 1.09 1.09 2.32 NaN 2.27 
7/24/2012 1.31 1.34 1.34 1.17 1.17 2.32 NaN 2.36 
7/25/2012 1.25 1.29 1.29 0.97 0.97 2.35 NaN NaN 
7/26/2012 1.27 1.30 1.30 0.86 0.86 2.33 NaN NaN 
7/27/2012 1.37 1.40 1.40 0.84 0.84 2.32 NaN NaN 
7/28/2012 1.26 1.31 1.31 0.75 0.75 2.21 NaN NaN 
7/29/2012 1.17 1.23 1.23 0.64 0.64 2.16 NaN NaN 
7/30/2012 1.18 1.21 1.21 0.57 0.57 2.21 NaN NaN 
7/31/2012 1.12 1.14 1.14 0.51 0.51 2.12 NaN NaN 
8/1/2012 1.06 1.07 1.07 0.45 0.45 2.14 NaN NaN 
8/2/2012 1.03 1.03 1.03 0.41 0.41 2.13 NaN NaN 
8/3/2012 1.13 1.13 1.13 0.53 0.53 2.15 NaN NaN 
8/4/2012 1.20 1.19 1.19 0.66 0.66 2.20 NaN NaN 
8/5/2012 1.17 1.14 1.14 0.87 0.87 2.14 NaN NaN 
8/6/2012 1.08 1.06 1.06 0.91 0.91 2.16 NaN NaN 
8/7/2012 1.17 1.13 1.13 0.85 0.85 2.27 NaN NaN 
8/8/2012 1.29 1.28 1.28 0.96 0.96 2.25 NaN NaN 
8/9/2012 1.25 1.30 1.30 1.01 1.01 2.20 NaN NaN 
8/10/2012 1.22 1.30 1.30 0.94 0.94 2.18 NaN NaN 
8/11/2012 1.20 1.23 1.23 0.76 0.76 2.16 NaN NaN 
8/12/2012 1.16 1.18 1.18 0.66 0.66 2.15 NaN NaN 
8/13/2012 1.21 1.24 1.24 0.70 0.70 2.16 NaN NaN 
8/14/2012 1.14 1.21 1.21 0.70 0.70 2.05 NaN NaN 
8/15/2012 1.13 1.16 1.16 NaN NaN 2.09 NaN NaN 
8/16/2012 1.19 1.21 1.21 NaN NaN 2.08 NaN NaN 
8/17/2012 1.21 1.26 1.26 NaN NaN 2.20 NaN NaN 
8/18/2012 1.30 1.37 1.37 NaN NaN 2.25 NaN NaN 
8/19/2012 1.28 1.39 1.39 NaN NaN 2.15 NaN NaN 
8/20/2012 1.34 1.42 1.42 NaN NaN 2.23 NaN NaN 
8/21/2012 1.28 1.36 1.36 NaN NaN 2.24 NaN NaN 
8/22/2012 1.20 1.28 1.28 NaN NaN 2.30 NaN NaN 
8/23/2012 1.29 1.38 1.38 NaN NaN 2.22 NaN NaN 
8/24/2012 1.42 1.54 1.54 NaN NaN 2.21 NaN NaN 
8/25/2012 1.55 1.62 1.62 NaN NaN 2.37 NaN NaN 
8/26/2012 1.63 1.70 1.70 NaN NaN 2.50 NaN NaN 
8/27/2012 1.40 1.45 1.45 NaN NaN 2.92 NaN NaN 
8/28/2012 0.85 0.42 0.42 NaN NaN 6.56 NaN NaN 
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8/29/2012 4.43 3.53 3.53 NaN NaN 4.73 NaN NaN 
8/30/2012 4.19 5.54 5.54 NaN NaN 3.12 NaN NaN 
8/31/2012 2.96 NaN NaN NaN NaN 2.59 NaN NaN 
9/1/2012 2.22 NaN NaN NaN NaN 2.23 NaN NaN 
9/2/2012 1.77 NaN NaN NaN NaN 2.17 NaN NaN 
9/3/2012 1.56 NaN NaN NaN NaN 2.17 NaN NaN 
9/4/2012 1.33 1.39 1.41 NaN NaN 2.04 NaN NaN 
9/5/2012 1.21 1.36 1.36 NaN NaN 2.08 NaN NaN 
9/6/2012 1.07 1.11 1.11 NaN NaN 2.29 NaN NaN 
9/7/2012 1.39 1.38 1.38 NaN NaN 2.54 NaN NaN 
9/8/2012 1.49 1.52 1.52 NaN NaN 2.59 NaN NaN 
9/9/2012 1.22 1.22 1.22 NaN NaN 2.90 NaN NaN 
9/10/2012 1.31 1.32 1.32 NaN NaN 2.48 NaN NaN 
9/11/2012 1.49 1.51 1.51 NaN NaN 2.37 NaN NaN 
9/12/2012 1.54 1.59 1.59 NaN NaN 2.62 NaN NaN 
9/13/2012 1.83 1.84 1.84 NaN NaN 2.85 1.36 NaN 
9/14/2012 1.84 1.81 1.81 NaN NaN 3.00 1.74 NaN 
9/15/2012 1.70 1.68 1.68 NaN NaN 2.84 1.59 NaN 
9/16/2012 1.71 1.68 1.68 NaN NaN 2.44 1.70 NaN 
9/17/2012 1.96 2.03 2.03 NaN NaN 2.62 2.10 NaN 
9/18/2012 1.64 1.76 1.76 NaN NaN 2.51 1.52 NaN 
9/19/2012 1.43 1.43 1.43 NaN NaN 2.68 1.21 NaN 
9/20/2012 1.39 1.39 1.39 NaN NaN 2.29 1.14 NaN 
9/21/2012 1.47 1.46 1.46 NaN NaN 2.34 1.38 NaN 
9/22/2012 1.38 1.43 1.43 NaN NaN 2.12 1.18 NaN 
9/23/2012 1.25 1.28 1.28 NaN NaN 2.15 1.12 NaN 
9/24/2012 1.18 1.20 1.20 NaN NaN 2.08 1.06 NaN 
9/25/2012 1.27 1.25 1.25 NaN NaN 2.21 1.20 NaN 
9/26/2012 1.38 1.37 1.37 NaN NaN 2.27 1.28 NaN 
9/27/2012 1.40 1.39 1.39 NaN NaN 2.29 1.28 NaN 
9/28/2012 1.45 1.46 1.46 NaN NaN 2.26 1.40 NaN 
9/29/2012 1.40 1.43 1.43 NaN NaN 2.18 1.31 NaN 
9/30/2012 1.75 1.85 1.85 NaN NaN 2.16 1.95 NaN 
10/1/2012 1.38 1.65 1.65 NaN NaN 2.04 1.38 NaN 
10/2/2012 0.98 1.07 1.07 NaN NaN 2.12 0.97 NaN 
10/3/2012 1.22 1.24 1.24 NaN NaN 2.16 1.08 NaN 
10/4/2012 1.18 1.20 1.20 NaN NaN 2.21 0.94 NaN 
10/5/2012 1.12 1.10 1.10 NaN NaN 2.30 1.05 NaN 
10/6/2012 1.15 1.13 1.13 NaN NaN 2.27 1.10 NaN 
10/7/2012 0.99 0.90 0.90 NaN NaN 2.48 0.75 NaN 
10/8/2012 0.83 0.73 0.73 NaN NaN 2.52 0.86 NaN 
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10/9/2012 0.92 0.87 0.87 NaN NaN 2.24 0.93 NaN 
10/10/2012 1.06 1.03 1.03 NaN NaN 2.14 1.04 NaN 
10/11/2012 1.03 1.00 1.00 NaN NaN 2.04 0.93 NaN 
10/12/2012 1.15 1.11 1.11 NaN NaN 2.14 1.05 NaN 
10/13/2012 1.25 1.23 1.23 NaN NaN 2.10 1.22 NaN 
10/14/2012 1.36 1.37 1.37 NaN NaN 2.18 1.32 NaN 
10/15/2012 1.18 1.19 1.19 NaN NaN 2.19 1.09 NaN 
10/16/2012 1.21 1.13 1.13 NaN NaN 2.50 1.16 NaN 
10/17/2012 1.62 1.62 1.62 NaN NaN 2.27 1.72 NaN 
10/18/2012 1.57 1.61 1.61 NaN NaN 2.42 1.40 NaN 
10/19/2012 1.33 1.39 1.39 1.34 1.34 2.45 1.22 NaN 
10/20/2012 1.27 1.30 1.30 1.14 1.14 2.32 1.25 NaN 
10/21/2012 1.38 1.37 1.37 1.12 1.12 2.31 1.27 NaN 
10/22/2012 1.37 1.36 1.36 1.20 1.20 2.41 1.26 NaN 
10/23/2012 1.52 1.48 1.48 1.40 1.40 2.63 1.43 NaN 
10/24/2012 1.63 1.59 1.59 1.58 1.58 2.66 1.52 NaN 
10/25/2012 1.70 1.66 1.66 1.64 1.64 2.68 1.61 NaN 
10/26/2012 1.49 1.49 1.49 1.44 1.44 2.60 1.44 NaN 
10/27/2012 0.89 0.84 0.84 0.72 0.72 2.46 0.58 NaN 
10/28/2012 0.42 0.28 0.28 0.06 0.06 2.32 0.38 NaN 
10/29/2012 0.28 -0.05 -0.05 -0.29 -0.29 2.15 0.15 NaN 
10/30/2012 0.43 0.29 0.29 -0.29 -0.29 1.84 0.69 NaN 
10/31/2012 0.54 0.56 0.56 -0.21 -0.21 1.63 0.72 NaN 
 
D.5.11. Tide stations 81-88 Data 
 
CRMS 
4690 
-H01 
CRMS 
6303 
-H01 
NOAA 
_WestBank1 
NOAA 
_GrandIsle 
NOAA 
_PilotStation 
NOAA 
_ShellBeach 
USGS 
_BaratariaB_N 
USGS 
_Cow_Bayou 
 -90.04 -90.19 -90.42 -89.96 -89.41 -89.67 -89.95 -89.70 
  29.50 29.48 29.79 29.26 28.93 29.87 29.42 29.57 
11/1/2011 0.65 0.87 0.07 -0.24 0.59 0.26 1.51 2.29 
11/2/2011 0.97 1.19 0.24 0.05 0.72 0.50 1.70 2.01 
11/3/2011 0.80 1.00 0.50 -0.03 0.80 0.63 1.53 1.42 
11/4/2011 0.37 0.50 0.16 -0.37 0.61 -0.09 1.28 1.87 
11/5/2011 0.60 0.81 -0.05 -0.22 0.62 0.24 1.46 2.27 
11/6/2011 0.99 1.26 0.23 0.09 0.84 0.88 1.80 2.66 
11/7/2011 1.10 1.35 0.48 0.12 0.89 0.81 1.91 2.21 
11/8/2011 1.33 1.51 0.72 0.29 1.02 0.74 2.11 1.78 
11/9/2011 1.29 1.48 0.88 0.36 1.06 0.75 1.94 1.31 
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11/10/2011 0.32 0.83 0.48 -0.11 0.90 0.82 1.01 1.19 
11/11/2011 0.54 0.66 -0.08 -0.26 0.72 -0.02 1.45 0.90 
11/12/2011 0.75 0.97 0.08 -0.23 0.49 -0.32 1.57 0.80 
11/13/2011 0.91 1.06 0.34 -0.07 0.67 0.14 1.74 1.09 
11/14/2011 1.14 1.26 0.47 0.18 1.00 0.53 1.97 1.38 
11/15/2011 1.31 1.43 0.63 0.30 1.09 0.59 2.16 1.46 
11/16/2011 1.49 1.51 0.86 0.39 1.10 0.61 2.17 1.15 
11/17/2011 0.75 1.18 0.73 0.04 0.87 0.62 1.26 1.17 
11/18/2011 0.86 1.10 0.45 0.04 0.90 0.87 1.70 1.82 
11/19/2011 1.08 1.26 0.52 0.16 0.89 0.83 1.87 1.63 
11/20/2011 1.22 1.37 0.62 0.26 1.04 0.79 1.98 1.56 
11/21/2011 1.15 1.32 0.69 0.15 0.91 0.45 1.92 1.41 
11/22/2011 1.37 1.46 0.76 0.30 1.04 0.53 2.18 1.33 
11/23/2011 1.04 1.36 0.88 0.07 0.80 0.59 1.61 1.25 
11/24/2011 0.93 1.24 0.66 0.02 0.84 0.72 1.70 1.77 
11/25/2011 1.05 1.30 0.66 0.01 0.77 0.62 1.83 1.48 
11/26/2011 1.56 1.69 0.77 0.49 1.17 0.89 2.42 1.85 
11/27/2011 1.21 1.40 1.03 0.31 1.15 0.99 1.71 0.79 
11/28/2011 0.58 0.64 0.64 -0.13 1.02 0.16 1.31 0.03 
11/29/2011 0.47 0.55 0.21 -0.41 0.72 -0.81 1.25 -0.26 
11/30/2011 0.44 0.62 0.07 -0.42 0.60 -0.48 1.20 0.76 
12/1/2011 0.57 0.81 0.14 -0.32 0.64 -0.05 1.29 0.99 
12/2/2011 0.61 0.84 0.20 -0.26 0.79 0.02 1.34 1.11 
12/3/2011 1.01 1.20 0.29 -0.04 0.92 0.36 1.78 1.34 
12/4/2011 1.41 1.61 0.72 0.30 1.19 0.73 2.14 1.67 
12/5/2011 1.62 1.77 1.07 0.52 1.34 0.80 2.25 1.59 
12/6/2011 1.14 1.36 1.14 0.22 1.13 0.49 1.68 1.15 
12/7/2011 0.39 0.66 0.77 -0.29 0.88 0.08 0.92 -0.12 
12/8/2011 0.37 0.58 0.27 -0.48 0.66 -0.38 1.17 0.69 
12/9/2011 0.50 0.75 0.21 -0.38 0.64 -0.36 1.15 0.57 
12/10/2011 0.20 0.58 0.13 -0.59 0.61 -0.08 0.85 0.94 
12/11/2011 0.25 0.57 -0.04 -0.48 0.72 0.13 0.98 1.12 
12/12/2011 0.43 0.67 -0.07 -0.35 0.82 0.12 1.15 1.15 
12/13/2011 0.61 0.89 0.04 -0.25 0.82 0.15 1.36 1.23 
12/14/2011 0.84 1.08 0.23 -0.05 0.96 0.15 1.56 1.08 
12/15/2011 1.00 1.20 0.42 0.04 1.04 0.17 1.72 1.09 
12/16/2011 1.08 1.29 0.60 0.16 1.11 0.30 1.72 1.11 
12/17/2011 0.62 0.92 0.51 -0.04 0.97 0.27 1.27 1.16 
12/18/2011 0.65 0.90 0.17 -0.07 0.99 0.26 1.41 1.28 
12/19/2011 0.90 1.11 0.26 0.01 0.98 -0.01 1.71 1.05 
12/20/2011 1.19 1.34 0.53 0.24 1.19 0.43 1.95 1.40 
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12/21/2011 1.37 1.51 0.75 0.43 1.39 0.58 2.11 1.45 
12/22/2011 1.41 1.56 0.91 0.48 1.39 0.63 2.14 1.34 
12/23/2011 1.06 1.43 0.91 0.16 1.13 0.71 1.59 1.50 
12/24/2011 0.94 1.33 0.72 0.10 1.10 0.64 1.60 1.64 
12/25/2011 0.93 1.27 0.68 0.09 1.05 0.57 1.56 1.47 
12/26/2011 1.02 1.24 0.66 0.15 1.12 0.72 1.65 1.45 
12/27/2011 0.65 0.74 0.53 -0.05 1.24 -0.11 1.23 -0.21 
12/28/2011 0.53 0.70 0.24 -0.34 0.82 -0.49 1.25 0.71 
12/29/2011 0.79 0.96 0.31 -0.11 0.90 -0.14 1.47 0.85 
12/30/2011 1.02 1.10 0.41 0.02 1.01 0.02 1.68 0.83 
12/31/2011 0.93 1.06 0.49 -0.03 0.91 -0.18 1.56 0.71 
1/1/2012 0.82 1.02 0.53 -0.02 0.86 -0.20 1.33 0.52 
1/2/2012 0.02 0.40 0.27 -0.57 0.56 -0.41 0.60 0.31 
1/3/2012 -0.08 0.22 -0.17 -0.78 0.43 -0.86 0.60 0.00 
1/4/2012 0.31 0.41 -0.28 -0.60 0.43 -1.08 1.07 0.08 
1/5/2012 0.37 0.51 -0.07 -0.62 0.35 -0.89 0.98 0.02 
1/6/2012 0.63 0.71 0.00 -0.32 0.61 -0.67 1.30 0.26 
1/7/2012 0.69 0.84 0.21 -0.35 0.48 -0.47 1.26 0.42 
1/8/2012 0.82 0.97 0.30 -0.17 0.69 -0.18 1.35 0.63 
1/9/2012 0.78 0.98 0.43 -0.27 0.61 -0.20 1.31 0.70 
1/10/2012 1.17 1.31 0.61 0.01 0.81 0.12 1.70 1.19 
1/11/2012 0.87 0.81 0.77 0.01 1.06 -0.41 1.30 -0.46 
1/12/2012 0.48 0.64 0.45 -0.29 0.77 -0.41 0.82 -0.22 
1/13/2012 -0.01 0.16 0.02 -0.61 0.50 -0.76 0.54 0.18 
1/14/2012 0.10 0.17 -0.35 -0.75 0.34 -0.99 0.66 0.02 
1/15/2012 0.19 0.27 -0.35 -0.78 0.26 -1.15 0.77 0.01 
1/16/2012 0.51 0.59 -0.20 -0.50 0.41 -0.59 1.09 0.47 
1/17/2012 0.82 0.84 0.12 -0.26 0.62 -0.34 1.38 0.65 
1/18/2012 0.65 0.90 0.33 -0.21 0.65 0.03 1.10 0.90 
1/19/2012 0.73 0.85 0.25 -0.27 0.65 -0.05 1.29 0.79 
1/20/2012 0.91 0.95 0.31 -0.16 0.69 -0.08 1.41 0.59 
1/21/2012 0.93 1.01 0.49 -0.19 0.57 -0.08 1.33 0.50 
1/22/2012 0.98 1.06 0.52 -0.13 0.64 -0.08 1.38 0.75 
1/23/2012 1.04 1.15 0.70 -0.06 0.64 0.02 1.44 0.63 
1/24/2012 0.90 1.24 0.65 -0.09 0.61 0.41 1.26 1.46 
1/25/2012 1.14 1.32 0.63 0.03 0.82 0.43 1.49 1.24 
1/26/2012 1.27 1.32 0.97 0.22 0.96 0.38 1.49 0.60 
1/27/2012 0.55 0.72 0.74 -0.25 0.73 -0.47 0.94 0.30 
1/28/2012 0.42 0.63 0.36 -0.39 0.55 -0.50 0.81 0.39 
1/29/2012 0.06 0.39 0.05 -0.62 0.34 0.02 0.49 0.87 
1/30/2012 0.34 0.49 -0.14 -0.57 0.46 -0.45 0.91 0.66 
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1/31/2012 0.53 0.67 0.03 -0.44 0.52 -0.09 1.00 0.66 
2/1/2012 0.76 0.88 0.19 -0.21 0.73 0.15 1.28 0.92 
2/2/2012 0.75 0.96 0.40 -0.27 0.65 0.05 1.33 0.96 
2/3/2012 0.90 1.15 0.56 -0.11 0.79 0.30 1.62 1.26 
2/4/2012 0.94 1.15 0.77 -0.11 0.77 0.39 1.57 1.04 
2/5/2012 0.72 1.02 0.70 -0.15 0.79 0.41 1.35 1.07 
2/6/2012 0.49 0.79 0.36 -0.20 0.79 0.43 1.28 1.07 
2/7/2012 0.67 0.87 0.23 -0.16 0.82 0.29 1.47 1.05 
2/8/2012 0.56 0.83 0.24 -0.23 0.71 0.19 1.29 0.88 
2/9/2012 0.61 0.87 0.12 -0.13 0.85 0.47 1.40 1.33 
2/10/2012 0.78 0.98 0.27 -0.04 0.96 0.12 1.52 0.86 
2/11/2012 0.03 0.45 0.18 -0.39 0.76 0.06 0.75 0.41 
2/12/2012 -0.24 0.12 -0.31 -0.66 0.59 -0.18 0.68 0.67 
2/13/2012 0.38 0.48 -0.45 -0.50 0.60 -0.42 1.38 0.62 
2/14/2012 0.93 1.02 0.00 -0.09 0.83 -0.14 1.77 0.68 
2/15/2012 0.82 0.99 0.31 -0.17 0.70 0.23 1.58 1.04 
2/16/2012 0.85 0.99 0.48 -0.15 0.79 0.28 1.56 0.86 
2/17/2012 0.72 0.93 0.44 -0.28 0.73 0.18 1.47 1.06 
2/18/2012 1.09 1.24 0.48 0.09 0.99 0.32 1.86 1.28 
2/19/2012 0.76 1.05 0.84 0.01 1.01 0.68 1.27 0.46 
2/20/2012 0.49 0.74 0.50 -0.47 0.54 -0.03 1.26 0.92 
2/21/2012 0.68 0.83 0.37 -0.27 0.64 -0.04 1.39 0.63 
2/22/2012 0.80 0.80 0.35 -0.19 0.71 -0.01 1.60 0.54 
2/23/2012 1.03 0.94 0.30 0.03 0.95 -0.26 1.80 0.42 
2/24/2012 0.78 1.15 0.61 0.03 0.86 -0.02 1.33 0.72 
2/25/2012 0.24 0.65 0.31 -0.39 0.64 0.26 1.08 1.36 
2/26/2012 0.66 0.92 0.11 -0.20 0.75 0.24 1.49 1.46 
2/27/2012 0.66 0.99 0.33 -0.17 0.74 1.18 1.44 1.76 
2/28/2012 0.75 0.92 0.30 -0.18 0.68 0.35 1.55 0.93 
2/29/2012 0.86 0.98 0.42 -0.18 0.62 0.06 1.61 0.76 
3/1/2012 0.84 0.90 0.46 -0.26 0.55 -0.31 1.57 0.39 
3/2/2012 1.09 1.01 0.50 -0.10 0.67 -0.36 1.84 0.52 
3/3/2012 0.85 1.10 0.79 -0.03 0.76 -0.08 1.39 1.01 
3/4/2012 0.28 0.41 0.32 -0.45 0.62 0.01 1.04 0.24 
3/5/2012 0.22 0.32 -0.10 -0.73 0.21 -1.18 0.96 -0.33 
3/6/2012 0.24 0.45 -0.15 -0.79 0.04 -0.36 0.96 0.74 
3/7/2012 0.83 1.03 0.17 -0.23 0.59 0.45 1.51 1.36 
3/8/2012 1.26 1.44 0.62 0.21 0.98 0.72 1.95 1.46 
3/9/2012 0.91 1.32 0.89 0.04 0.79 0.76 1.47 1.65 
3/10/2012 1.01 1.39 0.73 0.22 1.08 1.25 1.75 2.29 
3/11/2012 1.23 1.49 0.75 0.22 1.01 0.83 1.89 1.74 
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3/12/2012 1.27 1.50 0.92 0.17 0.95 0.91 1.92 1.74 
3/13/2012 1.21 1.44 1.01 0.16 0.96 0.55 1.90 1.21 
3/14/2012 1.08 1.30 0.95 -0.07 0.73 0.29 1.70 1.10 
3/15/2012 1.01 1.21 0.91 -0.11 0.72 0.19 1.63 0.98 
3/16/2012 0.94 1.16 0.85 -0.13 0.67 0.03 1.58 0.87 
3/17/2012 1.07 1.27 0.82 -0.03 0.77 0.04 1.75 0.94 
3/18/2012 1.16 1.42 0.91 0.03 0.78 0.16 1.81 1.00 
3/19/2012 1.30 1.61 1.08 0.14 0.86 0.28 1.95 1.25 
3/20/2012 1.85 2.19 1.30 0.50 1.13 0.81 2.47 2.05 
3/21/2012 2.19 2.51 1.67 0.83 1.40 1.76 2.72 2.44 
3/22/2012 1.27 1.78 1.78 0.38 1.20 1.43 1.86 1.51 
3/23/2012 1.63 NaN 1.76 0.29 1.12 0.72 2.02 1.23 
3/24/2012 1.73 NaN 1.64 0.30 1.18 0.35 1.91 0.96 
3/25/2012 1.03 NaN 1.43 0.11 1.01 0.22 1.68 0.99 
3/26/2012 0.88 NaN 1.18 -0.08 0.85 0.11 1.53 0.81 
3/27/2012 0.93 NaN 1.01 -0.11 0.75 -0.02 1.62 0.77 
3/28/2012 1.03 1.40 0.99 -0.09 0.71 0.06 1.71 0.87 
3/29/2012 1.12 1.32 1.02 0.06 0.85 0.30 1.80 1.21 
3/30/2012 1.23 1.36 1.04 0.19 1.00 0.51 1.96 1.15 
3/31/2012 1.01 1.31 1.04 0.09 0.96 0.21 1.82 0.78 
4/1/2012 1.13 1.32 0.95 0.16 0.97 0.07 1.89 0.83 
4/2/2012 1.40 1.59 1.01 0.96 1.01 0.02 2.17 1.00 
4/3/2012 0.84 1.83 1.33 1.16 1.05 0.59 2.14 1.30 
4/4/2012 1.40 1.93 1.54 1.30 1.15 0.62 2.03 1.62 
4/5/2012 1.05 1.60 1.50 1.37 1.28 0.50 2.00 0.95 
4/6/2012 1.17 1.34 1.32 1.19 1.10 0.45 1.65 1.25 
4/7/2012 1.17 1.42 1.10 1.11 1.12 0.77 1.85 1.79 
4/8/2012 1.24 1.47 1.09 1.05 1.04 0.59 1.89 1.31 
4/9/2012 1.16 1.37 1.04 1.02 1.00 0.37 1.83 1.08 
4/10/2012 1.10 1.28 0.92 0.95 0.97 0.35 1.81 1.16 
4/11/2012 1.09 1.23 0.84 0.88 0.91 0.30 1.71 1.05 
4/12/2012 1.23 1.39 0.80 0.89 0.94 0.77 1.79 1.84 
4/13/2012 1.32 1.53 0.93 0.97 1.00 0.44 2.02 1.40 
4/14/2012 1.49 1.74 1.09 1.00 0.95 0.46 2.16 1.60 
4/15/2012 1.88 2.05 1.28 1.22 1.18 0.89 2.50 1.72 
4/16/2012 1.68 1.92 1.48 1.27 1.14 1.03 2.26 1.73 
4/17/2012 1.68 1.91 1.52 1.29 1.14 1.11 2.04 1.69 
4/18/2012 1.31 1.24 1.32 1.18 1.10 0.99 1.59 1.50 
4/19/2012 1.11 1.34 0.94 0.97 1.22 0.81 1.89 1.53 
4/20/2012 1.23 1.43 0.88 0.40 1.16 0.45 2.03 1.26 
4/21/2012 1.24 1.60 1.02 0.50 1.26 0.62 1.91 1.52 
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4/22/2012 0.47 0.93 0.88 0.10 1.22 0.68 1.26 1.15 
4/23/2012 0.24 0.67 0.47 -0.13 1.01 0.12 1.03 0.68 
4/24/2012 0.48 0.74 0.13 -0.17 0.78 -0.28 1.35 0.62 
4/25/2012 0.64 0.83 0.23 -0.28 0.56 -0.78 1.46 0.27 
4/26/2012 0.87 1.03 0.40 -0.11 0.65 -0.57 1.71 0.21 
4/27/2012 0.81 1.12 0.59 -0.11 0.55 -0.34 1.62 0.57 
4/28/2012 0.99 1.32 0.71 -0.02 0.60 -0.16 1.86 0.87 
4/29/2012 0.92 1.36 0.86 0.00 0.62 0.15 1.71 1.14 
4/30/2012 0.86 1.28 0.88 0.01 0.64 0.16 1.66 1.13 
5/1/2012 0.88 1.34 0.80 0.02 0.66 0.21 1.68 1.59 
5/2/2012 1.25 1.65 0.95 0.31 0.98 0.99 2.05 1.97 
5/3/2012 1.16 1.52 1.07 0.35 1.03 1.35 1.95 1.92 
5/4/2012 1.04 1.36 0.91 0.23 0.95 0.94 1.79 1.67 
5/5/2012 1.07 1.34 0.80 0.23 0.96 0.77 1.84 1.60 
5/6/2012 1.13 1.38 0.81 0.28 0.99 0.69 1.91 1.58 
5/7/2012 1.17 1.43 0.80 0.29 1.04 0.75 1.95 1.67 
5/8/2012 1.21 1.48 0.85 0.34 1.05 0.83 1.98 1.71 
5/9/2012 1.07 1.30 0.80 0.17 0.94 0.66 1.74 1.39 
5/10/2012 1.11 1.31 0.58 0.16 0.99 0.73 1.79 1.86 
5/11/2012 1.59 1.79 0.76 0.48 1.18 0.58 2.31 2.06 
5/12/2012 1.60 1.75 1.10 0.54 1.10 0.87 2.22 1.42 
5/13/2012 1.16 1.33 1.09 0.20 0.87 0.27 1.69 1.14 
5/14/2012 1.02 1.13 0.71 0.17 0.98 0.37 1.67 1.41 
5/15/2012 1.11 1.22 0.54 0.23 1.11 0.57 1.73 1.33 
5/16/2012 1.12 1.26 0.62 0.23 1.08 0.56 1.72 1.34 
5/17/2012 1.09 1.21 0.64 0.25 1.10 0.53 1.68 1.32 
5/18/2012 1.12 1.21 0.58 0.19 1.06 0.34 1.73 1.25 
5/19/2012 1.21 1.36 0.64 0.21 0.99 0.49 1.76 1.40 
5/20/2012 1.20 1.38 0.70 0.24 0.99 0.51 1.87 1.36 
5/21/2012 1.02 1.13 0.63 0.05 0.87 0.18 1.52 0.83 
5/22/2012 0.85 0.92 0.46 -0.15 0.76 0.12 1.31 0.69 
5/23/2012 0.92 0.93 0.35 -0.08 0.85 0.07 1.48 0.73 
5/24/2012 1.19 1.18 0.46 0.06 0.90 0.03 1.67 0.91 
5/25/2012 1.26 1.36 0.68 0.08 0.74 0.12 1.67 1.02 
5/26/2012 1.05 1.19 0.71 -0.03 0.65 0.25 1.42 1.08 
5/27/2012 1.02 1.09 0.59 0.02 0.78 0.23 1.47 1.08 
5/28/2012 0.81 0.84 0.42 -0.04 0.83 0.33 1.26 0.91 
5/29/2012 0.59 0.52 0.09 -0.21 0.75 -0.17 1.08 0.27 
5/30/2012 0.66 0.52 -0.14 -0.32 0.62 -0.52 1.09 0.23 
5/31/2012 0.87 0.83 0.02 -0.18 0.68 -0.22 1.31 0.46 
6/1/2012 0.86 0.94 0.24 -0.04 0.74 -0.21 1.21 0.50 
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6/2/2012 0.81 0.89 0.16 -0.10 0.65 0.26 1.23 1.23 
6/3/2012 0.93 0.93 0.25 -0.14 0.69 -0.08 1.34 0.79 
6/4/2012 0.95 0.94 0.33 -0.12 0.63 -0.20 1.33 0.64 
6/5/2012 1.06 1.04 0.36 0.01 0.77 -0.27 1.51 0.69 
6/6/2012 1.09 1.14 0.42 0.05 0.75 -0.17 1.50 0.76 
6/7/2012 1.08 1.24 0.50 0.11 0.80 0.33 1.46 1.21 
6/8/2012 1.14 1.33 0.59 0.13 0.83 0.65 1.51 1.75 
6/9/2012 1.48 1.59 0.81 0.38 1.04 1.15 1.93 1.81 
6/10/2012 1.71 1.72 1.10 0.46 1.02 0.81 2.02 1.11 
6/11/2012 1.44 1.47 1.17 0.25 0.79 0.25 1.69 0.87 
6/12/2012 1.08 1.25 1.02 0.08 0.67 0.29 1.32 1.02 
6/13/2012 0.94 1.03 0.79 0.07 0.77 0.12 1.28 0.85 
6/14/2012 0.82 0.94 0.56 -0.03 0.70 0.22 1.15 0.82 
6/15/2012 1.01 1.15 0.60 0.07 0.89 0.49 1.39 1.73 
6/16/2012 1.36 1.64 0.73 0.43 1.18 1.28 1.82 2.65 
6/17/2012 1.70 1.92 0.97 0.76 1.37 1.44 2.11 2.25 
6/18/2012 1.92 2.12 1.22 0.79 1.35 1.21 2.30 2.14 
6/19/2012 1.89 2.17 1.38 0.75 1.27 1.23 2.24 2.16 
6/20/2012 1.82 2.10 1.45 0.76 1.32 1.26 2.16 2.32 
6/21/2012 1.74 2.01 1.44 0.82 1.48 1.43 2.10 2.42 
6/22/2012 1.83 2.06 1.34 0.95 1.67 1.49 2.25 2.65 
6/23/2012 2.00 2.25 1.39 1.16 1.84 1.73 2.46 2.85 
6/24/2012 1.87 2.08 1.41 1.18 2.08 2.29 2.32 3.28 
6/25/2012 2.12 2.20 1.31 1.46 2.38 2.38 2.72 2.96 
6/26/2012 2.08 2.16 1.38 1.34 2.03 1.80 2.57 2.22 
6/27/2012 1.84 1.92 1.37 0.95 1.61 1.43 2.31 1.97 
6/28/2012 1.70 1.85 1.34 0.76 1.34 0.93 2.11 1.40 
6/29/2012 1.51 1.67 1.28 0.51 1.05 0.52 1.91 1.18 
6/30/2012 1.41 1.57 1.16 0.42 1.04 0.34 1.86 1.05 
7/1/2012 1.41 1.53 1.07 0.40 0.99 0.35 1.84 1.01 
7/2/2012 1.21 1.38 0.96 0.21 0.77 0.16 1.63 0.87 
7/3/2012 1.15 1.28 0.78 0.24 0.89 0.51 1.62 1.17 
7/4/2012 1.16 1.31 0.70 0.23 0.90 0.49 1.67 1.09 
7/5/2012 1.18 1.31 0.72 0.27 0.91 0.37 1.70 1.09 
7/6/2012 1.19 1.32 0.70 0.29 0.90 0.32 1.67 1.10 
7/7/2012 1.22 1.33 0.68 0.27 0.93 0.45 1.71 1.15 
7/8/2012 1.18 1.29 0.75 0.24 0.88 0.31 1.63 1.04 
7/9/2012 1.17 1.24 0.69 0.23 0.84 0.25 1.64 0.98 
7/10/2012 1.08 1.18 0.68 0.14 0.76 0.08 1.49 0.79 
7/11/2012 1.12 1.23 0.65 0.12 0.72 0.10 1.51 0.96 
7/12/2012 1.19 1.30 0.69 0.19 0.81 0.18 1.60 1.08 
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7/13/2012 1.18 1.30 0.76 0.24 0.86 0.55 1.58 1.19 
7/14/2012 1.15 1.28 0.71 0.25 0.90 0.67 1.57 1.41 
7/15/2012 1.21 1.29 0.72 0.24 0.96 0.86 1.60 1.43 
7/16/2012 1.30 1.39 0.76 0.27 0.95 0.66 1.70 1.41 
7/17/2012 1.28 1.36 0.82 0.29 0.94 0.48 1.68 1.19 
7/18/2012 1.19 1.29 0.75 0.23 0.90 0.56 1.60 1.18 
7/19/2012 1.17 1.30 0.79 0.13 0.84 0.37 1.52 1.07 
7/20/2012 1.12 1.22 0.91 0.11 0.81 0.33 1.44 0.82 
7/21/2012 1.17 1.33 0.96 0.12 0.80 0.41 1.52 1.01 
7/22/2012 1.34 1.48 0.91 0.31 0.92 0.59 1.70 1.48 
7/23/2012 1.39 1.54 0.96 0.37 0.99 0.79 1.73 1.63 
7/24/2012 1.29 1.36 0.94 0.36 1.01 0.67 1.64 1.32 
7/25/2012 1.28 1.34 0.80 0.36 1.07 0.36 1.65 1.13 
7/26/2012 1.27 1.35 0.78 0.34 1.08 0.17 1.66 0.99 
7/27/2012 1.34 1.45 0.85 0.44 1.12 0.20 1.66 1.01 
7/28/2012 1.19 1.33 0.83 0.28 0.94 0.12 1.49 0.93 
7/29/2012 1.14 1.22 0.73 0.19 0.87 0.17 1.46 0.83 
7/30/2012 1.18 1.23 0.66 0.26 0.96 -0.02 1.56 0.76 
7/31/2012 1.08 1.16 0.61 0.18 0.84 -0.07 1.47 0.73 
8/1/2012 1.04 1.11 0.49 0.18 0.84 -0.03 1.47 0.71 
8/2/2012 1.05 1.09 0.37 0.17 0.80 0.05 1.47 0.87 
8/3/2012 1.16 1.20 0.43 0.21 0.84 0.18 1.57 1.02 
8/4/2012 1.20 1.28 0.60 0.25 0.84 0.36 1.58 1.33 
8/5/2012 1.16 1.25 0.66 0.23 0.85 0.70 1.52 1.36 
8/6/2012 1.10 1.17 0.57 0.20 0.84 0.51 1.48 1.20 
8/7/2012 1.19 1.25 0.54 0.29 0.98 0.64 1.59 1.30 
8/8/2012 1.30 1.36 0.65 0.37 1.03 0.52 1.69 1.28 
8/9/2012 1.24 1.30 0.75 0.32 0.99 0.32 1.60 0.97 
8/10/2012 1.27 1.26 0.74 0.29 1.03 0.00 1.63 0.79 
8/11/2012 1.20 1.25 0.72 0.23 0.95 -0.06 1.52 0.90 
8/12/2012 1.16 1.21 0.67 0.23 0.94 0.39 1.50 1.19 
8/13/2012 1.23 1.24 0.69 0.28 0.98 0.31 1.60 0.97 
8/14/2012 1.19 1.14 0.67 0.17 0.86 -0.05 1.53 0.60 
8/15/2012 1.18 1.16 0.59 0.20 0.86 -0.03 1.53 0.81 
8/16/2012 1.24 1.23 0.65 0.22 0.85 0.09 1.57 0.95 
8/17/2012 1.27 1.25 0.64 0.27 0.85 0.32 1.60 1.17 
8/18/2012 1.38 1.34 0.71 0.41 1.01 0.35 1.70 1.06 
8/19/2012 1.32 1.32 0.92 0.27 0.88 0.12 1.64 0.89 
8/20/2012 1.38 1.41 1.00 0.38 0.95 0.28 1.70 1.14 
8/21/2012 1.29 1.33 0.95 0.33 0.89 0.63 1.57 1.39 
8/22/2012 1.22 1.27 0.87 0.27 0.97 0.84 1.54 1.48 
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8/23/2012 1.26 1.32 0.83 0.32 0.99 0.75 1.61 1.33 
8/24/2012 1.35 1.44 0.94 0.35 0.98 0.56 1.72 1.31 
8/25/2012 1.47 1.60 1.04 0.53 1.14 0.82 1.85 1.67 
8/26/2012 1.54 1.70 1.13 0.61 1.17 1.05 1.88 1.84 
8/27/2012 1.31 1.54 1.05 0.56 1.32 1.16 1.58 1.98 
8/28/2012 0.53 1.72 0.76 0.95 2.64 3.47 0.51 6.32 
8/29/2012 5.43 4.90 1.48 3.32 3.54 8.61 NaN NaN 
8/30/2012 4.05 4.02 2.63 2.04 2.04 3.16 NaN NaN 
8/31/2012 2.67 2.84 3.10 1.17 1.62 1.77 NaN NaN 
9/1/2012 1.97 2.10 2.80 0.74 1.11 0.99 NaN NaN 
9/2/2012 1.63 1.66 2.47 0.50 1.04 0.61 NaN NaN 
9/3/2012 1.51 1.49 2.18 0.51 1.07 0.42 NaN NaN 
9/4/2012 1.34 1.26 1.94 0.34 0.96 0.10 NaN NaN 
9/5/2012 1.22 1.18 1.73 0.33 0.94 0.32 NaN NaN 
9/6/2012 1.06 1.12 1.53 0.24 0.90 0.89 NaN NaN 
9/7/2012 1.40 1.47 1.40 0.49 1.22 1.18 NaN NaN 
9/8/2012 1.49 1.54 1.42 0.69 1.36 1.24 NaN NaN 
9/9/2012 1.22 1.38 1.32 0.51 1.26 1.30 NaN NaN 
9/10/2012 1.30 1.44 1.15 0.53 1.23 1.11 NaN NaN 
9/11/2012 1.43 1.59 1.15 0.55 1.18 1.07 NaN NaN 
9/12/2012 1.52 1.61 1.20 0.54 1.23 1.40 NaN NaN 
9/13/2012 1.79 1.93 1.29 0.81 1.49 1.84 2.20 NaN 
9/14/2012 1.83 1.96 1.40 0.89 1.56 1.57 2.26 NaN 
9/15/2012 1.69 1.78 1.37 0.82 1.49 1.35 2.08 NaN 
9/16/2012 1.73 1.81 1.28 0.77 1.43 1.18 2.17 NaN 
9/17/2012 2.03 2.03 1.39 0.88 1.46 1.02 2.43 NaN 
9/18/2012 1.60 1.75 1.52 0.69 1.34 0.80 1.90 NaN 
9/19/2012 1.39 1.59 1.29 0.49 1.21 1.06 1.73 1.79 
9/20/2012 1.33 1.54 1.16 0.37 1.02 0.85 1.65 1.53 
9/21/2012 1.48 1.61 1.10 0.53 1.13 0.71 1.86 1.52 
9/22/2012 1.35 1.50 1.10 0.35 0.91 0.57 1.63 1.19 
9/23/2012 1.26 1.37 0.97 0.29 0.90 0.46 1.58 1.22 
9/24/2012 1.20 1.31 0.86 0.21 0.82 0.35 1.53 1.15 
9/25/2012 1.31 1.42 0.79 0.30 0.89 0.56 1.69 1.47 
9/26/2012 1.41 1.52 0.93 0.35 0.94 0.74 1.76 1.58 
9/27/2012 1.43 1.54 0.98 0.37 1.00 0.85 1.76 1.63 
9/28/2012 1.52 1.58 0.99 0.40 1.04 0.63 NaN 1.42 
9/29/2012 1.44 1.51 1.05 0.35 0.93 0.52 NaN 1.29 
9/30/2012 1.89 1.78 1.13 0.52 1.03 0.43 NaN 1.29 
10/1/2012 1.41 1.39 1.34 0.39 1.02 0.17 NaN 0.16 
10/2/2012 1.05 1.06 0.93 0.02 0.73 0.17 NaN 1.03 
326 
 
10/3/2012 1.20 1.34 0.75 0.15 0.81 0.40 NaN 1.42 
10/4/2012 1.07 1.30 0.79 0.13 0.86 0.82 NaN 1.53 
10/5/2012 1.08 1.26 0.67 0.16 0.92 0.61 NaN 1.45 
10/6/2012 1.12 1.29 0.60 0.25 0.97 0.61 NaN 1.31 
10/7/2012 0.91 1.23 0.55 0.28 1.05 0.73 NaN 1.46 
10/8/2012 0.86 1.06 0.30 0.26 1.16 0.77 NaN 1.52 
10/9/2012 0.93 1.09 0.23 0.18 1.01 0.64 NaN 1.38 
10/10/2012 1.05 1.22 0.38 0.21 0.97 0.29 NaN 1.26 
10/11/2012 0.98 1.18 0.47 0.09 0.83 0.36 NaN 1.26 
10/12/2012 1.11 1.32 0.53 0.22 0.94 0.46 NaN 1.45 
10/13/2012 1.22 1.40 0.66 0.23 0.91 0.36 NaN 1.39 
10/14/2012 1.31 1.48 0.81 0.29 0.96 0.58 NaN 1.45 
10/15/2012 1.11 1.31 0.76 0.23 0.97 0.50 NaN 1.23 
10/16/2012 1.18 1.40 0.62 0.31 1.07 0.97 NaN 1.97 
10/17/2012 1.63 1.74 0.81 0.56 1.21 0.74 NaN 1.56 
10/18/2012 1.48 1.72 1.08 0.55 1.17 0.85 1.94 1.60 
10/19/2012 1.26 1.46 0.97 0.39 1.15 1.03 1.74 1.53 
10/20/2012 1.23 1.38 0.77 0.36 1.19 0.46 1.78 1.35 
10/21/2012 1.32 1.53 0.77 0.40 1.12 0.60 1.85 1.58 
10/22/2012 1.30 1.52 0.86 0.37 1.10 0.83 1.86 1.79 
10/23/2012 1.48 1.70 0.87 0.59 1.33 1.17 2.07 2.06 
10/24/2012 1.57 1.82 1.01 0.65 1.36 1.15 2.16 2.07 
10/25/2012 1.64 1.87 1.11 0.72 1.43 1.10 2.22 2.03 
10/26/2012 1.46 1.68 1.10 0.62 1.36 0.92 2.04 1.71 
10/27/2012 0.77 1.15 0.81 0.29 1.19 0.71 1.26 0.99 
10/28/2012 0.34 0.53 0.20 -0.02 1.06 0.18 0.97 0.60 
10/29/2012 0.08 0.28 -0.34 -0.35 0.78 -0.11 0.77 0.58 
10/30/2012 0.49 0.53 -0.55 -0.16 0.83 NaN 1.18 0.41 
10/31/2012 0.58 0.65 -0.32 -0.29 0.51 NaN 1.20 0.18 
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